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ABSTRACT 
This study set out to determine whether germination 
improved the biochemical and sensory properties of lupins 
and whether an acceptable food could be made from the 
sprout. 
The lupin seed, (� angustifolius cv. Gungurru), was 
sprouted using a commercial sprouter for up to 6 days. The 
seeds were soaked for 24h, then germinated in the dark at 
20 ° c. The sprouts were used in each part of the study: 
Biochemical Analysis and Sensory Evaluation, Food Product 
Development and Consumer Market Survey. 
Many biochemical changes occurred especially in the 
soaking and early germination stages; including increases in 
protein (6%) and polysaccharides (36%) and a decrease in fat 
(18%) and antinutrients,  alkaloids ( 6 7 % )  and 
oligosaccharides (98%). 
An attempt was made to match the biochemical changes in 
the sprouts to the sensory changes. The sprouts were freeze­
dried, milYed then made into pellets. Minimal sensory 
changes could be detected. Biochemical changes could not be 
matched to sensory changes in the developing sprout. 
A basic food product, a vegetable soup, was developed 
and evaluated by a taste panel. The soups made with younger 
(ii) 
sprouts were preferred to soups made with older sprouts. 
Soup made with lupin kernel was preferred to soup made with 
the sprouts. 
A market survey of 524 shoppers found that lupin soup 
was preferred over soybean soup when unmarked samples were 
tasted. Respondents were likely also to buy lupin soup when 
they knew it contained lupin. Respondents felt lupin would 
make a food product tastier, more nutritious and cheaper. A 
large number (85%) of respondents had heard of the name 
lupin, most felt the name lupin was positive (59%) and even 
more (71%) felt it was a positive name for a food product. 
( iii) 
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1. 0 INTRODUCTION 
Legumes (members of the Leguminosae family) fix 
nitrogen in the soil; they can be divided arbitrarily into 
large and small seeded plants. Many of the large seeded 
legumes are edible and are often called pulses. At least two 
legumes, peas and lentils, date back to 9500-9000BC 
(Williams, 1986, p. 1). 
The nutritional characteristics of legumes are mostly 
favourable. They are rich in protein which is relatively 
high in lysine but low in sulphur-containing amino acids. 
However legumes can complement cereals in which lysine is 
the limiting amino acid, so that when legumes and cereals 
are eaten together they provide all the essential amino 
acids, providing a complete protein (Rogers, 1990, p. 301). 
Legumes are also high in fibre and it is believed that 
the soluble fibre they contain may help control cholesterol 
levels in the blood (Rogers, 1990, p. 301). 
Legumes are valuable sources of thiamine, niacin 
equivalent, and minerals such as iron, calcium, phosphorus, 
zinc and magnesium. The starch in legumes is absorbed slowly 
which gives rise to a slow, steady release of glucose 
(Rogers, 1990, p. 301). This is a benefit, particularly to 
diabetics. 
Legumes are used throughout the world. They are 
particularly important in the diets of people in developing 
countries as a major protein source and are an integral 
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component of Mediterranean, Asian and Latin American 
cuisines. There are many different ways legumes can be used; 
in soups, dips, salads and as a meat or vegetable 
substitute. 
Compared to meat, legumes are an inexpensive source of 
protein. They can be bought in cans or in the dry form; both 
forms can be stored for long periods. Once cooked legumes 
can be stored in the refrigerator for a short period or 
frozen for long periods (Ward McKenzie pamphlet). 
It is preferable not to eat legumes raw as the seeds 
contain trypsin inhibitors, which interfere with protein 
digestion, and lectins, which can act as gastric irritants. 
These proteinaceous antinutrients in legumes are usually 
denatured during germination, cooking or canning. 
Germination of legumes produces a sprout which can be 
eaten as a fresh vegetable or added to dishes such as stir-
fries. It 
nutritional 
is believed that germination enhances the 
and flavour characteristics of legumes and 
lowers the content of antinutrients. 
Soybeans are presently the most sought after vegetable 
protein source. In 1984 Americans consumed 832 million 
pounds of protein food made from soy (289 million pounds of 
soy milk, 175 million pounds of soy flour and grits and 149 
million pounds of soy sauce), as well as 9803 million pounds 
of soy oil. Low technology consumer foods have the largest 
growth rates. The growth rates for low technology soyfoods 
2 
for a five year period up to February 1984 were: 
Tempeh 33% 
Tofu 15% 
Soy Sauce 14% 
Miso 10% 
(Shurtleff & Aoyagi, 1985, p. 38). 
Cerletti, Fumagalli & Venturin (1978, p. 1409) assert 
that many countries depend on imports for their supply of 
soy. As lupins have similar chemical and physical properties 
to soybean, they may have the potential to gain at least a 
small percentage of the billion dollar soy market. The 
world's demand for protein is increasing and new sources of 
protein that are easily produced and economical are being 
continually sought. Lupin may well become a generally 
acceptable protein source for human consumption in many 
cuisines. 
The lupin seed has a high content of protein and fibre 
and a low content of fat and antinutrients. Lupins have a 
high digestibility and a low allergenicity which potentially 
makes them an excellent nutrient source. 
Lupins have been cultivated for centuries in various 
parts of the world for both animal and human consumption. 
The disadvantage of lupins in the past has been their 
alkaloid content which gave lupins a bitter taste and a 
degree of toxicity. Research on lupins in the 1920s and 
1930s resulted in the development of a sweet lupin with a 
low alkaloid content. Since this development, further work 
has been conducted on lupins, leading to the production of 
3 
the first commercial sweet cultivar of Lupinus angustifolius 
(the narrow-leafed lupin) in 1967. 
There are four main species of lupin: L. albus (the 
white flowered lupin), � angustifolius, L. mutabilis (the 
pearl or Andean lupin) and L. luteus (the yellow flowered 
lupin). The most important species of lupin to Western 
Australia is� angustifolius, as it is most suited to the 
climatic conditions. 
Lupins have mainly been used for stock feed in 
Australia. Research into the use of lupin was concentrated 
in this area until about 1985. Since then many studies have 
been conducted into the use of lupins in human foods (Hung, 
Papalois, Nithianandan, Jiang & Versteeg, 1990; Kyle, 
Petterson & Evans, 1990) The National Health and Medical 
Research Council permitted the unrestricted use of lupins in 
human foods in 1988. Lupins have been used in Oriental foods 
such as tempeh, 
vegetable milks; 
miso, fermented sauces, bean curd and 
and have also been used in a number of 
Western foods such as biscuits, cakes, pasta, bread and as a 
snack food. 
Western Australia is the world's largest producer and 
exporter of lupins. If  lupins were to be used in more foods 
for human consumption this would increase the return on 
lupins for Western Australia, as well as increase the food 
choices available for consumers. 
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1. 1 PURPOSE OF THE STUDY 
It is widely believed that germinating legume seeds 
increases their nutritional value and enhances their 
flavour, however there has been little published work on the 
germination of lupin seeds for human consumption. 
The purpose of this study was to examine and compare 
the biochemical and sensory characteristics of lupin seed 
(� angustifolius) and the developing lupin sprout, and then 
assess the suitability of the seed or sprout as an 
ingredient in foods for human consumption. 
The research questions posed in this study ask: whether 
the germination of the lupin seed enhances its nutrient and 
sensory properties and whether consumers find lupin 
acceptable as an ingredient in food products for human 
consumption. 
5 
2. 0 LITERATURE REVIEW 
2. 1 THE HISTORY OF LUPINS 
Lupins (lupines) belong to the Genisteae tribe of the 
Papillionoideae sub-family of the Leguminosae plant family; 
they are related to peas, beans and lentils. There are about 
200 lupin species native to the Americas. These are 
predominantly perennials with the notable exception of L. 
mutabilis from South America. There are 12 species of Old 
World lupins centred around North Africa and the 
Mediterranean basin. These are all annuals. 
For thousands of years lupins have been cultivated in 
various parts of the world for both animal feed and human 
consumption. It is believed that the use of lupins as a food 
dates back to 4000-3000BC (Lee, 1986 p. 64), whereas the use 
of at least two other pulses (vegetable legumes), peas and 
lentils, date back to 9500-9000BC (Williams, 1986, p. 1). 
The two species of lupins that are said to date back to 
4000-3000BC are L. albus, in the Mediterranean Basin, and L. 
mutabilis, in the highlands of South America (Gladstones, 
1970, p. 123). 
The mod.ern expansion of lupin cultivation did not start 
until 1780 when lupin seeds were imported from Italy into 
Prussia by King Frederick who personally supervised 
experiments on their cultivation (Gladstones, 1970, p. 125). 
By the end of the 18th century 1__:._ albus had arrived in 
Germany and L. luteus and L. angustifolius in North West 
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Europe (Williams, 1986, p. 2). 1-..:_ cosentini, the so-called 
'Western Australian blue lupin,' was introduced into Western 
Australia by the middle of the 19th century (Gladstones, 
1970, p. 125). It was not until the 1930s, that 1-..:_ 
angustifolius was introduced into Australia, New Zealand and 
South Africa (Gladstones, 1970, p. 125; Williams, 1986, p. 2). 
The main disadvantage in using lupins for human 
consumption in the past has been their bitterness. Early 
varieties of lupins had an alkaloid content of 1. 0-2. 5% in 
the dry seed (Lee, 1986, p. 64). This meant that a long 
process of soaking and washing in running water was 
necessary to reduce the alkaloid content and to make the 
seed palatable and safe for consumption. Between 1928-1935, 
a German scientist, Dr. Reinhold von Sengbusch, developed a 
sweet lupin with alkaloid content of only 0. 0 2% (Gladstones, 
1970, p. 126; Lee, 1986, p. 64). By 1943 the remaining 
primitive features of lupins, pod shattering and impermeable 
seeds, had been overcome and this enabled the first true 
crop types of L. luteus and L. albus to be developed 
(Gladstones, 1990, p. 270). Further work in Western 
Australia by Dr. John Gladstones in the 1950s and 1960s, 
resulted in the development of the first commercial sweet 
cultivar of L. angustifolius. This cultivar has a white 
flower and seeds, which distinguish it from the higher 
alkaloid, wild, bitter lupins with the blue flower and dark 
seeds. In 1967 this cultivar, Uniwhite, was released (Nelson 
& Delane, 1990, p. 6). Since then over 10 cultivars (all 
white flowered) have been released for commercial production 
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in Australia. At present there are 5 main cultivars grown 
commercially in Australia,: Danja, Yorrel, Gungurru, Warrah 
and Geebung. 
2.2 LUPINS IN WESTERN AUSTRALIA 
In Western Australia lupins are grown south and west of 
the line from Northampton extending east to Southern Cross 
and south east to Esperance except for the very high 
rainfall zones in the lower south west corner of Western 
Australia (see Figure 1). 
Figure 1. Lupin cultivation areas in Western Australia 
(Nelson & Delane, 1990, p. 16) 
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Today, Western Australia is the world's 
producer and exporter of lupins (Table 1). 
Table 1 
largest 
Production and Exportation of Lupins in Western Australia 
(thousands of tonnes) 
YEAR PRODUCTION EXPORTS 
1974/74 77. 2 44.4 
1975/76 88. 7 52. 4  
1976/77 23. 3 0.05 
1977/78 23. 6 0. 06 
1978/79 23. 8 6.3 
1979/80 25. 2 
1980/81 48. 2 13. 4 
1981/82 95. 0 51. 4 
1982/83 179. 6 82. 7 
1983/84 315. 6 224.4 
1984/85 500. 5 356. 6 
1985/86 411. 6 215. 7 
1986/87 684. 6 424. 1 
1987/88 730. 0 404. 6 
1988/89 789. 0 
(Nelson & Delane, 1990, p. 83) 
Lupins are Western Australia's second largest crop, the 
first being wheat (see Table 2). The largest importers of 
lupins from Western Australia are Japan, Korea and the 
European Economic Community; minor importers include Middle 
Eastern and South-East Asian countries. 
Table.£ 
Crop Production in Western Australia (1987-1988) 
CROP 
Wheat 
Lupins 
Barley 
Oats 
$M 
628 
127 
81 
58 
(West Australian Yearbook, 1989) 
9 
The Grain Pool of Western. Australia presently sells 
lupins on the international market for about $200 a tonne, 
which is approximately 75% of the price of soybean meal 
(B. Cox, personal communication, April, 1991). These prices 
are influenced by the international levels of supply and 
demand for vegetable protein. 
The lupins produced in Western Australia are sold 
mainly for stock feed. Indonesia, which is the only country 
that imports significant quantities of lupins for use in 
human food, uses 5000-10000 tonnes of lupins a year for 
tempeh production (B. Cox, personal communication, April, 
1991). If more food uses for lupins were to be developed, it 
should be possible to increase the return on lupins to 
growers, and to develop a processing industry thereby 
providing extra income for Western Australia. 
2.3 THE COMPOSITION OF LUPIN 
The lupin seed is made up of the seed coat or hull and 
the kernel (see Figure 2). 
Figure 2. seed 
Physically lupins are similar to soybean. Table 3 
compares the seed masses of L. angustifolius and soybean. 
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Table l 
Average Seed Mass and Percent of Seed Coat of Soybean and 
Lupin Seed (1....... angustifolius). 
Beans 
Lupin seed 
Soybean 
Av. mass of 
seed (g) 
0. 17 
0. 23 
% seed coat 
22.4 
6. 6 
(Lee, 1986, p. 65) 
Lupin has a lower seed mass than soybean but the 
proportion of seed coat is much greater than soybean. 
2.3. 1 NUTRIENT COMPOSITION 
Lupins are comparable to soybean in terms of 
nutritional value and physical properties. Nutritionally, 
lupin is considered as valuable as soybean and superior to 
other legume species (Hill, 1986, p. 54). Table 4 shows the 
chemical composition of lupin seed in comparison to soybean. 
The composition of the lupin kernel and hull are also shown 
for comparison between the hull and kernel. 
Table 4 
Chemical Composition of Soybean and Lupin CL. angustifolius) 
SOYBEAN LUPIN LUPIN LUPIN 
SEED KERNEL HULL 
Moisture ( % ) 8. 6 8. 8 9.3 9.0 
Ash ( % ) 5. 1 2. 8 2.9 2.5 
Crude Protein (%) 34. 3 32.4 38.7 3.6 
Ether extractives (%) 18.7 5. 5 7.2 0.96 
Crude Fibre ( % ) 3.8 15. 0 2.2 50. 9 
Calcium (%) 0. 22 0.23 0.13 0.61 
Phosphorous ( % ) 0.48 0. 31 0.39 0.04 
Magnesium ( % ) 0.28 0.16 na na 
Potassium (%) 1. 82 0.82 na na 
Sulphur ( % ) na 0. 23 na na 
Copper (mg/kg) 14. 0 5.0 5. 0 6.3 
Iron (mg /kg) 87. 0 70. 0 140. 0 42. 7 
Manganese (mg/kg) 54. 0 16. 0 26. 0 24. 0 
Zinc (mg/kg) 45. 0 34. 0 38. 0 24.0 
(Adapted from Harris & Jago, 1985) 
11 
Lupins are high in protein, most of which is contained 
in the kernel: dehulling lupins can significantly increase 
the total protein content, typically from 31 to 39%. The 
main protein constituents of lupins are globulins; albumins 
make up the rest (Cerletti, Duranti, & Restani, 1984, p. 
472). Globulins and albumins are soluble in water and they 
are enzymic or metabolic protein (Saxelby, 1980, p. 70) 
For protein quality sulphur-containing amino acids, 
methionine and cysteine, are the first limiting amino acids 
followed by threonine (Cerletti et al. , 1984, p. 472), hence 
lupin protein is not "complete. " Lupin needs to be combined 
with another food that is rich in sulphur-containing amino 
acids. Crosbie et al. (1988, p. l) state that supplementing a 
lupin-based diet with 0. 2% methionine results in a 
" . . .  protein efficiency ratio similar to that of casein. " 
Dagnia (1990) found that supplementing a diet of lupin 
kernel or sprouts with 0. 2% DL- methionine improved protein 
quality (1990, p. 60). 
Lupins are also high in fibre. The seed coat (hull) 
contains the majority of the crude fibre content of lupin, 
thus dehulling would significantly reduce the fibre content. 
The soluble fibre in legumes is believed to help control 
cholesterol levels in the blood (Rogers, 1990, p. 301). 
There is also evidence that lupins have cholesterol-lowering 
properties. The thickened cell wall of lupins consists 
mostly of pectin-like material and small amounts of 
cellulose and hemicellulose. This type of fibre has been 
shown by some researchers to have cholesterol-lowering 
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properties. Evans, Cheung, & Cheetham, (1990) found after 
completing numerous experiments, that the serum cholesterol 
of rats decreased by 10% when they were fed lupins. 
Lupins are low in fat, they contain 5. 5% fat while 
soybeans contain 18. 7% fat. The fat content of 1...:.. 
angustifolius is made up of 75% unsaturated fatty acids, of 
which a high proportion are linolenic and linoleic acids 
(Crosbie et al. , 1988, p. 1). Though the lupin and soybean 
have similar protein content, there are major differences in 
their fibre and fat content. 
2. 3.2 ANTINUTRIENT COMPOSITION 
It is believed that the presence of antinutrients, such 
as trypsin inhibitors, phytates, oligosaccharides and 
lectins, affect the utilisation of some nutrients in 
legumes. Petterson & Crosbie (1990, p. 266) state that the 
content of these antinutrients in lupins are lower than they 
are in soybean (see Table 5). 
Table .2. 
Antinutrient Content of Lupin and Soybean 
ANTI NUTRIENT 
Phytate (%) 
Trypsin inhibitor (mg/g) 
Saponins · ( %) 
Total phenolics (%) 
Lectins 
Oligosaccharides 
LUPIN SEED 
0. 44 
0. 18 
1. 40 
0. 29 
-ve 
4. 60 
SOYBEAN 
1. 59 
17. 90 
1. 90 
0.57 
+ve 
5. 70 
(Petterson & Crosbie, 1990, p. 266) 
Williams (1989, p. 180) states that although lupins are low 
in most antinutrients they have unacceptably high levels of 
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oligosaccharides. 
2.3. 2. 1 TRYPSIN INHIBITOR Trypsin inhibitor, also called 
protease inhibitor, interferes with the action of trypsin, 
a pancreatic enzyme that digests polypeptides containing 
arginine and lysine (Chen, 1989, p. 343; Stare & 
Mcwilliams, 1984, p. 108). Lupin seeds contain approximately 
0. 18mg/g trypsin inhibitor. This is low compared to soybean 
17. 9mg/g (see Table 5). 
2. 3. 2. 2  PHYTIC ACID Phytic acid is found in varying amounts 
in all oilseeds, legumes and cereals (Altschul & Wilcke, 
1985, p. 240). Phytic acid can reduce the bioavailability of 
minerals such as calcium and zinc, by binding to them 
(Petterson et al. , 1988, p. 2). The phytate content of lupin 
seed is approximately 0. 44%, which is lower than that of 
soybean, 1. 59% (see Table 5). 
2. 3. 2. 3  OLIGOSACCHARIDES Oligosaccharides, simple oligomers 
of raffinose in soybean and other legumes, have been 
identified with causing flatulence (Altschul & Wilcke, 1985, 
p. 233, Chen, 1989, p. 343). Altschul & Wilcke (1985, p. 
233) found that these low molecular weight sugars 
(raffinose, stachyose and verbascose) are not broken down by 
normal enzymes. They pass into the hind gut where intestinal 
microorganisms ferment the sugars to release carbon dioxide 
and methane (i. e. leading to flatulence). Oligosaccharides 
are soluble in water and alcohol thus they can be removed by 
soaking (Altschul & Wilcke, 1985, p. 235). Lupin seeds 
contain approximately 4.6% oligosaccharides while soybeans 
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contain 5. 7% (see Table 5). 
2. 3.2.4 SAPONINS Saponins are contained in all grain 
legumes. Some saponins have been associated with favourable 
properties such as reducing plasma cholesterol, whilst 
others produce adverse effects on the lining of the 
intestinal wall, increasing its permeability and possibly 
causing sensitivity reactions (Petterson, personal 
communication, 1991). Lupin seeds contain approximately 1. 4% 
saponins, while soybeans contain 1. 9% (see Table 5). 
2. 3. 2. 5  TANNINS Tannins are present in all grain legumes. 
They are believed to cause irritation in the digestive 
tract, lowered energy conversion from food, the excretion of 
high levels of nitrogen in the faeces and cancer (Petterson, 
personal communication, 1991). Tannins are also reported to 
bind and reduce the availability of iron. 
2. 3. 2. 6 ALKALOIDS Alkaloids are toxic compounds that give 
lupins a bitter taste. Modern sweet, or low alkaloid 
cultivars of 1-.=._ angustifolius contain less than 200mg/kg of 
alkaloids. Processing lupin may further decrease the level 
of alkaloids present . 
In summary, lupins appear to have some favourable 
nutritional properties such as a high protein and fibre 
content. However, there are concerns about their 
antinutrient content. Germination is believed to decrease 
the antinutrient content of legumes and thus increase their 
nutritional quality. 
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2. 4 GERMINATION 
The Chinese have been sprouting mung beans (Vigna 
radiata) and soybeans (Glycine max) for centuries. In  the 
second quarter of the 19th century it was discovered that 
germination increases the nutritional value of such beans as 
mung and soybean (Rudra, cited by Lee & Karunanithy, 1990, 
p. 438). Lee & Karunanithy (1990) also found this true for 
Phaseolus beans as did Sattar, Durrani, Mahmood, Ahmad & 
Khan (1989) for mung beans. However others have found that 
germination does not improve the nutritional value of all 
legumes. For example, Chang & Harrold (1988, p. 783) found 
that germinating navy and pinto beans (Phaseolus vulgaris) 
for 6 days did not improve their nutritional quality. 
The evidence about germination appears to be equivocal. 
Further investigation is needed into the effects of 
germination of other legumes. 
2. 4. 1 THE GERMINATION PROCESS 
For the germination process to take place the dry seed 
must be moistened. During germination the moistened seed 
coat ruptures due to the expanding embryo and forming sprout 
(Whaley, 1964, p. 423). � angustifolius is 'soft seeded' 
and thus the seed germinates readily when exposed to 
moisture (Nelson & Delane, 1990. p. 7). 
In order for germination to take place, certain 
environmental conditions are necessary: adequate water 
(changed regularly to prevent microbial growth) and suitable 
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temperature (warm, room temperature). Legumes can be 
germinated in dark or light conditions. Germinating in the 
dark will produce sprouts of similar appearance to mung bean 
sprouts. If seeds are germinated in the light there will be 
chlorophyll production through photosynthesis resulting in a 
green or ' salad' sprout. 
The conditions under which legumes are germinated have 
a large effect on the biochemical changes which occur 
during germination. For the optimal biochemical changes to 
occur the correct germination conditions must be found. 
Sattar et al. (1989) found that when soaking mung beans 
at a temperature of ss0c, phytate and trypsin inhibitor 
activity decreased more than when soaked at a lower 
temperature, 27°c. Trypsin inhibitor activity and phytate 
content was also decreased with increasing length of soaking 
the mung beans. Soaking temperature and time had little 
effect on the protein content (1989, p. 111). 
Sattar et al. (1989, p. 114) found that the 
biosynthesis of protein was greater at ambient conditions 
(20-35°C) than at low temperatures (20°C). 
Sprouting can be done at home. The advantage of being 
able to sprout at home is that the seeds, which can be 
stored dry for long periods, are sprouted when required to 
produce fresh vegetables. 
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2.5 EFFECTS OF GERMINATION ON CHEMICAL AND NUTRITIONAL VALUE 
OF LEGUMES 
When a seed is germinated a number of biochemical 
reactions occur. Certain materials are broken down 
(catabolism), others are transported from cotyledon to the 
growing parts, and new materials are synthesized (anabolism) 
from broken down products. 
The only literature reports on the effects of 
germination of lupin seed are by Lee (1986), Yu, Kyle, Hung 
and Zeckler (1985), El-Habbal & Attia 
(1990). 
(1987) and Dagnia 
Lee (1986, p. 66) found when sprouting lupin and 
soybean under the same conditions that lupin absorbs more 
water, more quickly than the soybean even though the seed 
coat of lupin is thicker and has a larger fibre content. 
Dehulling further accelerates the soaking rate. 
Lee (1986, p. 68) also claimed that lupin sprouts grew 
faster than soybean sprouts. After three days of 
germination, the dry weight of the lupin sprouts had 
increased by 30%, while the soybean sprouts had only 
increased by.10%. 
Yu et al. ( 1985) reported similar results. The lupin 
sprouts were superior to soybean sprouts in terms of 
physical appearance and eating qualities. 
The results from the biochemical studies of lupin 
sprouts by El-Habbal & Attia (1989) and Dagnia (1990) will 
be discussed in more detail in the following sections. 
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Because there has been little work completed on the 
effects of germination on the chemical composition of lupin, 
work on other legumes were reviewed as they may relate to 
lupins (Table 6 and Table 7). 
2. 5. 1 PROTEIN 
Many researchers have found that 
legumes the protein content increased, 
when germinating 
however it is 
difficult to know whether these were real increases or as a 
result of losses of other soluble components, or from 
metabolic processes. 
Sattar et al. (1989) found that protein content of mung 
beans increased due to germination, however they state, "The 
marginal increase in total protein is not in fact a real one 
but merely the result of dissolution of starch content into 
the soaking medium" (1989, p. 114). Lupins contain very 
little starch so it is unlikely that any increase in protein 
in germinated lupin sprouts would be the result of 
dissolution of starch content into the soaking medium. There 
are however low concentrations of other soluble components 
which may dissolve into the soaking medium. 
Pawer & Ingle (1988, p. 7) found that after germinating 
moth beans for 72 hours there was a small increase in crude 
protein which they attributed to " . .  changes resulting from 
the uptake of water during germination. " 
Hsu, Leung, Finney & Morad (1980, p. 
little change in the protein content of peas, 
faba beans after 4 days of germination. 
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8 9) reported 
lentil and 
Lee & Karunanithy (1990, p. 438) claim that the protein 
content of Phaseolus beans greatly increased after 5 days 
germination. 
Dagnia (1990, p. 38) noted an increase in protein after 
germinating .h.:._ angustifolius for 6 days. 
The evidence about whether or not there is any increase 
in protein is confusing due to the way results can be 
reported. When results are reported on a dry basis they may 
show an increase in protein when in fact protein may have 
decreased on a per seed basis, as the seeds dry weight may 
have decreased due to a loss in soluble compounds and 
metabolic processes. There can be no net increase in protein 
until the developing seedling can absorb nitrogen from the 
growth medium. For a cost-benefit analysis results need to 
be calculated on a per seed basis taking into account the 
loss of dry matter. 
2. 5. 2 AMINO ACIDS 
The amino acid content of raw legumes appears to change 
when they are germinated, however the sulphur-containing 
amino acids methionine and cysteine remain unchanged. 
Sattar et al. (1989, p. 117) assert that most amino 
acids in mung beans including 
isoleucine, increased during 
lysine, phenylalanine 
germination, however 
and 
the 
sulphur-containing amino acids did not change. Sattar et al. 
(1989) stated however that an increase in amino acid may be 
due to the increased protein content. The increases in amino 
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Table.§. 
Summary of the Findings in the Effect of Germination .Qll the 
Nutrient Content of Legumes 
LEGUME PROTEIN AMINO LIPIDS VITAMIN RIBO- NIACIN THIAMINE 
ACIDS C FLAVIN 
Soybean +10 +10 
Moth beans +l +l 
Peas +2 =2 +2 +2 
Lentils +2 =2 +2 +10 -10 
Faba beans +2 =2 2 
Phaselous +3 
Lupin +4 -4 +4 -5 
Mung bean +6 +6 +6 +10 +10 +6 
Navy bean +7 
Pinto +7 
Alfalfa -9 10 +10 +10 
Table]_ 
Summary of the Findings on the Effect of Germination on the 
Mineral and Antinutrient Content of Legumes 
MINERALS 
LEGUME CALCIUM IRON MAG-
Phaselous +3 +10 
Lupin 
Mung bean 
Navy bean 
Chickpea 
Cowpea 
Greengram 
KEY: 
+ Increase 
- Decrease 
= No Change 
-11 
-11 
-11 
NESIUM 
-3=10 -3 =10 
-11 
-11 
-11 
ANTINUTRIENTS 
POTAS- T.I PHYTIC OLIGO- ALKA 
SIUM ACID SACCARIDE LOID ----
-3 =10 -3 
-4 -13 -4 -4 
-6 
=7 -7 
-11 
-11 
-11 
REFERENCES: The numbers in the table correspond to the references. 
eg. (1) Pawer et al. (1988) found protein and lipids content of 
moth beans increased when germinated. 
1. Pawer et al. , 1988. 
2. Hsu et al. , 1989. 
3. Lee & Karunanithy, 1990. 
4. Dagnia, 1990. 
5. El Habbal & Attia, 1987. 
7. Chang & Harrold, 1988. 
8. Hamilton & Vanderstoep, 1979. 
9. Kylen & Mccreedy, 1975. 
10. Ganesh & Kumar, 1978. 
11. Trugo et al. , 1990. 
6. Sattar et al. , 1989. 
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acids were " . . .  not significant when data was expressed on a 
total protein basis" (1989, p. 117). Chang & Harrold (1988, 
p. 786) found similar results when germinating navy beans 
and pinto beans. They found that germinating navy beans 
resulted in changes in glycine, alanine and cysteine and the 
germination of pinto beans also resulted in changes to the 
alanine and cysteine. There was no change in the total 
sulphur-containing amino acids, methionine and cysteine. 
Hsu et al. (1980, p. 89) noted little change in the 
amino acid content of peas, lentils and faba beans after 4 
days of germination. 
Dagnia (1990, p. 39) found, following the germination 
of L. angustifolius for 6 days, that most amino acids 
decreased including sulphur-containing amino acids. Aspartic 
acid and valine were the only ones that showed an increase. 
The evidence above suggests some changes occur to the 
amino acid profile of raw legumes during germination, 
however sulphur-containing amino acid generally do not 
change. These changes will be possibly due to the storage 
protein profiles differing from those newly synthesised 
metabolic and structural protein. 
2. 5.3 PROTEIN DIGESTIBILITY 
The prominent feature of lupins and other legumes is 
their high protein content, however the utilisation of this 
protein is often low due to poor protein digestibility. 
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Germination is believed to increase the protein 
digestibility of legumes. 
Chang & Harrold (1988) found that after germinating 
navy beans for 6 days the in vitro protein digestibility was 
significantly increased (1988, p. 785); however the 
digestibility of bean proteins was still poor, possibly due 
to high trypsin inhibitor activity (Chang & Harrold, 1988, 
p. 781, 785). This was also supported by Chang and Satterlee 
198 1, p. 1372). 
El-Hag, Haard & Morse (1978) found that the germination 
of red kidney beans for 10 days increased the digestive 
coefficient of both raw and cooked red kidney beans. "A 
combination of sprouting and heat treatment resulted in 
beans with excellent digestibility coefficient (84. 4%)" 
(1978, p. 1274). They also found trypsin inhibitor activity 
decreased by approximately 50%, suggesting that there is an 
inverse relationship between digestion coefficient and 
trypsin inhibitor activity; an observation supported by 
Chang & Satterlee (1981, p. 1372) 
There is a general consensus that germination increases 
the protein digestibility of raw legumes; much of this 
increase is probably related to a decrease in trypsin 
inhibitor activity. 
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2. 5. 4 LIPIDS 
Pawer & Ingle (1988) reported that the crude fat 
content of moth beans increased after 3 days germination 
(1988, p. 8), whereas Hamilton & Vanderstoep (1979) found 
that the fat content of alfalfa sprouts decreased after 72 
and 120 hours germination (1979, p. 443). 
El-Habbal & Attia (1987, p. 960) claim there was no 
significant increase in the fat content of lupins (cv. Giza 
1) after 7 days germination. 
Dagnia (1990, p. 42) asserted that the fat content of 
L. angustifolius decreased following 6 days germination. 
It is unclear whether the fat content of raw legumes 
increases or decreases after germination. A decrease might 
be expected if the fat were a major source of energy and an 
increase due to the loss of other solubles. 
2. 5. 5 VITAMINS 
2. 5. 5. 1 Ascorbic Acid Hsu et al. (1980, p. 89) noted a 
marked increase in ascorbic acid content of dry peas, 
lentils and faba beans after 4 days of germination. Sattar 
et al. (1989) found that ascorbic acid was not detectable in 
ungerminated mung bean seeds however, after germination for 
48 hours, ascorbic acid increased markedly to a maximum at 
20°c. The increase was greatest at 48 hours, thereafter it 
decreased, however it was still greater than the initial 
ascorbic acid content in the ungerminated seed (1989, P· 
115). Kylen & Mccreedy (1975, p. 1008) reported similar 
results for mung beans, lentils and alfalfa sprouts after 7 
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days germination. 
These studies clearly show that ascorbic acid content 
of raw legumes increases during germination. 
2. 5. 5. 2 Riboflavin Hsu et al. (1980, p. 89) stated that 
riboflavin increased twofold after 4 days of germination in 
dry peas, while riboflavin in faba beans only increased 
slightly. Sattar et al. (1989) claim that riboflavin in 
mung beans reached a maximum after 48 hours of germination, 
and thereafter decreased, but still contained more than 
before germinated (1989, p. 115). Kylen & Mccreedy 
found riboflavin in lentils remained the same 
(1975) 
after 
germination, while riboflavin in alfalfa sprouts showed a 
threefold increase and soybean and mung beans a twofold 
increase. 
The evidence above suggests riboflavin increases in 
most legumes during germination. 
2. 5.5. 3 OTHER VITAMINS Sattar et al. (1989) found that the 
thiamine content of mung beans increased 
reaching a maximum at days 2 and 3. " The 
riboflavin and thiamine was faster at 
when germinated, 
biosynthesis of 
ambient than low 
temperatures .. . " (Sattar et al., 1989, p. 1 15). 
Kylen & Mccreedy (1975, p. 1008) noted that the niacin 
content of alfalfa, mung bean and soybeans increased after 7 
days germination. 
It appears from the above evidence that the vitamin 
content of raw legumes increases with germination. 
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2. 5. 6 MINERALS 
Ganesh & Kumar (1978, p. 78) found that when 
germinating chickpeas, cowpeas and greengram for 24 and 72 
hours, magnesium and calcium decreased. Lee & Karunanithy 
(1990, p. 443) reported that the germination of Phaseolus 
beans decreased the magnesium, iron and potassium content 
but the calcium content increased. 
Kylen & Mccreedy (1975) did not find the same decrease 
in minerals when germinating alfalfa, mung beans, soybeans 
and lentils. The mineral content remained the same except 
for calcium which increased slightly. Kylen & Mccreedy 
(1975, p. 1008) claim the increases in calcium may be due to 
the calcium in the tap water. 
There is conflicting evidence as to whether germination 
causes the mineral content of raw legumes to decrease. 
2. 5. 7 ANTINUTRIENTS 
It appears that antinutrients contained in raw legumes 
can be destroyed or at least reduced by processing 
treatments such as heat and germination. 
Chang & Harrold (1988, p. 784) found that after 
germinating �avy beans for 6 days, lectin activity decreased 
but trypsin inhibitor activity did not. Gupta & Wagle (1980) 
report that germination of Phaseolus mungoreous resulted in 
trypsin inhibitor activity decreasing after 9 hours then 
increasing up to 72 hours, then decreasing again after 9 
days. The initial decrease of trypsin inhibitor activity 
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during sprouting may be due to " .. . part of the activity 
leaching out during the early stages of sprouting. However, 
during the onset of germination, trypsin inhibitor increased 
slowly due to the transformation of the dormant state of 
seed to the vigorous metabolic state" (1980. p. 395). 
Ganesh & Kumar (1987, p. 85) found when germinating 
cowpeas, chickpeas and greengram, phytate content decreased 
in both uncooked and cooked legumes. Sattar et al. (1989, p. 
114) claim that when soaking mung beans, the phytate content 
decreased, more so at 55°c than at 29°c. Lee & Karunanithy 
(1990, p. 444)  stated that the decrease in phytic acid meant 
losses in divalent minerals, iron, calcium and zinc, were 
less as they became bioavailable. Dagnia (1990, p. 45) noted 
a decrease in phytic acid after germinating � angustifolius 
for 6 days. 
Gupta 
Phaseolus 
& Wagle (1980, p. 395) found when germinating 
content of mungoreous for 9 days, the 
oligosaccharides, raffinose and stachyose, reduced. 
Trugo, Farah, Trugo, Sierra & Camacho (1990, p. 2) 
noted a sharp decrease in the oligosaccharide content of 
� angustifolius and L. albus following 3 days germination. 
Dagnia (1990, p. 44) found similar results after germinating 
L. angustifolius for 6 days. 
Dagnia (1990) reported that germinating lupins for 6 
days lowered the alkaloid content by 78% (1990, p. 37). 
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Although there is conflicting evidence as to the sort 
of changes that occurred to the protein, amino acid, and fat 
content of raw legumes during germination, the results show 
that biochemical changes do occur. There is clear evidence 
that vitamin content of raw legumes increases 
germination and that antinutrient content decreases. 
during 
Previous research on germination took little account of 
which stage of germination (soaking, early and later 
germination stages) the biochemical changes occur. One aim 
of this study was to determine what biochemical changes 
occurred at each stage of germination of lupins. 
2.6 EFFECT OF GERMINATION ON THE SENSORY PROPERTIES OF 
LEGUMES 
It  is believed that germination not only improves the 
chemical properties of legumes, but also their sensory 
qualities. There has been however, very little work 
completed on the sensory evaluation of lupin sprouts. 
Lee (1986, p. 68) found that the colour, freshness and 
crispness of lupin sprout are excellent (1986, p. 68). 
Yu et al. (1985, p. 177) found similar results when 
germinating � lupins. Yu et al. (1985, p. 177) found that 
lupin sprouts had superior eating qualities compared to 
soybean sprouts and that lupins sprouts have a higher 
moisture content than soybean. Yu et al. (1985, p. 177) 
assert that lupin sprouts have the advantage of having a low 
lectins and trypsin inhibitor content, thus they can be 
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eaten raw as salad vegetables, while soybean sprouts can 
not. 
Zweck (1988, p. 23) completed a sensory evaluation of 
lupin and soybean sprouts, and reported that consumers found 
lupin sprouts to be more acceptable than soybean sprouts. 
Although there are only a small number of known studies 
have been completed on the sensory properties of lupin 
sprouts, all reports appear to suggest that germination 
increases the eating quality of lupins, and that lupin 
sprouts are more acceptable than soybean sprouts. 
2.7 RELATIONSHIP BETWEEN THE BIOCHEMICAL AND SENSORY CHANGES 
THAT OCCUR DURING GERMINATION 
While there are reports about the types of biochemical 
and physical changes which occur during the germination 
process (see section 2. 5), there is a notable absence of 
similar evidence regarding any sensory changes occurring in 
the same period. There is no evidence which relates the 
known biochemical changes which occur during germination 
with any changes in sensory properties. 
As such data would be of obvious importance, one aim of 
this study was to attempt to match the biochemical and 
sensory changes that occur in the developing lupin sprout. 
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2 . 8 THE USE OF LUPINS IN FOODS FOR HUMAN CONSUMPTION 
Lupins have been consumed by humans for thousands of 
years in Mediterranean countries and in the highlands of 
South America (Lee, 1986, p. 64). In pre-Colombian cultures 
in South America, L. mutabilis was mixed with potato, maize 
and quinoa to provide energy and protein (Lopez de Romana et 
al. , cited by Petterson, 1985, p. 27). Lupins were also used 
for snacks, salads and mixed into mashed potato and soups in 
the Andean highlands (Gross & von Baer, cited by Petterson, 
1985, p. 27). Italians, for centuries, have used L. albus 
for snack foods (Petterson & Crosbie, 1990, p. 268) and to 
make pasta. 
It is estimated that less than 1% of the population is 
allergic to lupins. Fewer than 20 of 3000 people that 
consumed lupin seed or derived products have reported any 
adverse reactions (Petterson, personal communication, 1991). 
This is very low considering 4-6% of the population are 
allergic to milk, 2-3% to soybean and 3-12% to other legumes 
(Petterson & Crosbie, 1990, p. 268). This may offer several 
advantages to potential consumers of foods containing there 
ingredients. 
In Australia the use of lupins in foods for human 
consumption has been minimal until 1988. In the early 1970s 
the National Health and Medical Research Council (NHMRC) 
approved the addition of up to 10% lupin in foodstuffs. 
Subsequently various submissions were made relating to the 
safety of low alkaloid lupins and in 1988 the NHMRC approved 
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the unrestricted use of lupins in foods for human 
consumption provided they have an alkaloid content of less 
than 200mg/kg (Crosbie, Petterson & Wilkinson, 1988, p. 1). 
There is not a lot of lupins being consumed by people 
at present; a few hundred tonnes of hulls for fibre in bread 
and a few tonnes for incidentals, including farmers chewing 
lupins whilst feeding their sheep. 
Currently, the United Kingdom Ministry for Agriculture 
Fisheries and Foods is reviewing the use of lupin under 
their Novel Food guidelines. The Japanese Department of 
Health, Education and Welfare is also reviewing lupins for 
human consumption. 
The use of lupins in many different types of food is 
being continually explored. Research and sensory evaluation 
into the use of lupins in foods shows that it has great 
potential in both Oriental and Western foods (Kyle et al. , 
1991, p. 3). 
2. 8. 1 THE USE OF LUPINS IN ORIENTAL FOODS 
In Asia, soybeans are used in a variety of products, 
such as fermented sauces, bean curd and vegetable milk. Due 
to the similar physical and chemical properties of lupins 
and soybeans, extensive food product development work has 
been started into using lupins as a substitute for soybeans 
in Oriental foods. Asians, being used to the beany/nutty 
flavour of soybean, may find the blander taste of lupins 
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unacceptable. Caucasians, being less familiar with the taste 
of soybeans, may find the introduction of lupins more to 
their liking ( Petterson & Crosbie, 1990, p. 266-267). 
FERMENTED SAUCE: A fermented sauce is made by fermenting a 
legume and cereal grain with a fungus, usually Aspergillus 
oryzae, for 6 - 18 months. The type and proportion of cereal 
grain used can be varied as can the strain of fungus used. A 
blend of 30% lupin seeds and 70% soybean made an acceptable 
alternative to traditional soy sauce in terms of colour, 
taste and flavour (Hung et al. , 1990). Lee (1986, p. 70) 
prepared a Korean style sauce by fermenting lupins ; it was 
less acceptable than soy sauce but it was acceptable 
overall. 
BEAN CURD : Bean curd can be made by coagulating the protein 
of a milk with calcium sulphate, magnesium chloride or 
glucono-delta-lactone. The curd may be left to set with a 
soft gel-like consistency (silken tofu) or pressed to form a 
compact product. The curd can be used in salads or soups. 
The blending of 30% of lupin milk with 70% soy milk enabled 
the production of a bean curd with no loss of yield or 
texture. A fried lupin/soy curd has favourable 
characteristics such as a golden colour, good texture and 
sponginess (Hung et al. , 1990). Current work in progress 
(Mok, 1991) indicates that a silken tofu containing lupin is 
not acceptable to Caucasian consumers in its present form. 
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MISO: Miso is a paste-like product used as an ingredient in 
soups and sauces. It is made by fermenting a legume and 
cereal, usually rice, in the presence of salt (Cunha & 
Beirao da Costa, 1990, p. 2; Kyle et al. , 1991, p. 4). Cunha 
& Beirao da Costa (1990, p. 32) found that lupin miso was 
similar in chemical properties to soybean miso but had more 
acceptable sensory characteristics. 
TEMPER: Tempeh is an Indonesian food that is traditionally 
made by fermenting dehulled cooked soybeans with a mould 
(Rhizopus oligosporus) to form a compact cake. Agosin, Diaz, 
Aravena & Yanez (1989, p. 104) found that the sensory 
characteristics of deep-fried lupin showed potential. 
VEGETABLE MILK: Lee (1986, p. 73) successfully produced a 
lupin milk from lupin protein concentrate. The milk was not 
gritty and had a sensory quality comparable to a commercial 
soybean milk. 
Vegetable milks are not just being developed in Asia 
but also in other countries. In Chile, an investigation 
found the use of lupins in milk substitutes for children was 
very beneficial for nutritional reasons, due to the high 
protein content, and for economic reasons, as it provided 
potential savings (Ivanovic, cited by Hill, 1986, p. 54). 
Camacho, Vasquez, Leiva & Vargas (1988, p. 238) 
produced a milk from L. albus that was found to be less 
acceptable than cow' s milk. The quality of lupin milk was 
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still considered good enough to justify expanding the 
program. A commercial scale milk product is now used in the 
Chilean National Food Program for school children (A. J. 
Evans, personal communications, 1991). 
Creagh (1988, p. 38) found no statistical difference in 
the sensory characteristics of lupin milk and 'So-good' soy 
milk. 
Petterson, Kyle and Evans, used a commercial pilot 
plant to produce milk from L. angustifolius kernels. 
Problems were encountered with pH stability in the process 
and with flavour and dispersibility of the final product. 
This is the subject of continuing investigations. 
(D. Petterson, personal communication, 1991). 
The evidence above suggests that lupin, at least in 
small amounts, can be successfully incorporated into a 
number of Asian food products. 
2. 8.2. THE USE OF LUPINS IN WESTERN FOODS 
In many Western foods wheat flour is one of the major 
ingredients. '. Research and sensory evaluation has been 
conducted into the possibility of incorporating some lupin 
flour into wheat flour based products such as bread, pasta, 
cakes and biscuits. Other products, such as milk substitutes 
have also been made using lupin. 
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BREAD: Research indicated that 10-12% of .h..=_ albus or L. 
mutabilis flour can be added to wheat flour before there is 
a reduction in the quality of the bread in comparison to 
conventionally made bread. Studies indicate that bread 
containing lupin flour stayed fresh longer than does 
conventional bread (Campos & El-Das, cited by Hill, 1986, p. 
53). Bergl and Smith (1989) found that the addition of 1% to 
4% .h..=_ angustifolius flour was acceptable in bread. 
BISCUITS : The addition of 25% L. mutabilis flour to biscuits 
has been successful (Reynso et al. , cited by Hill, 1986, p. 
53). A combination of 50% . L. angustifolius flour and 50% 
rice flour produced a successful biscuit in terms of taste 
and appearance (Dagnia, 1990). 
CAKES: The addition of 20% L. mutabilis flour to cakes was 
found to be successful (Reyes & Gross, cited by Hill, 
p. 53) . 
1986, 
PASTA: Studies conducted by Lucisano and Pompei (1984, p. 
91) found that the addition of 30% .h.:_ albus flour to pasta 
was successful. This was supported by Yates (1990, p. 60). 
Hung et al. (1990) found that the addition of 25% lupin 
flour was acceptable. The colour, taste and texture of 15-
25% lupin flour pasta was rated higher than the 100% wheat 
flour pasta. 
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SNACK FOODS: Lupin pops are made by soaking lupins in 
flavoured brine and then roasting them. Results from sensory 
evaluation tests showed that they were chewy and nutty 
(Schweers, 1989, p. 39) L. albus has been used for centuries 
as a snack food by the Italians; they cook the lupins then 
soak them in brine (Petterson & Crosbie, 1990, p. 268). 
It appears from the research above that in small 
amounts lupin can be incorporated into Western food products 
successfully. 
2. 9 ATTITUDINAL ACCEPTABILITY OF LUPIN AS A FOOD INGREDIENT 
While there has been a number of studies completed on 
the use of lupins as a food ingredient since its approval 
for human consumption in 1988, there are still no foods on 
the commercial market that contain lupin. Although the 
studies completed suggest that a small amount of 
acceptable in many Asian and Western foods, the 
products on the commercial market may reflect 
lupin is 
lack of 
negative 
attitudes towards the use of lupin in foods for human 
consumption. The name lupin is associated with animal feed 
by many consumers and manufacturers. Manufactures may be 
unwilling to produce foods containing lupin because of the 
perceived negative attitudes of consumers. 
In a pilot study on consumers attitudes toward lupins 
as a food for human consumption, Zweck (1988, p. 21) found 
that only 57% of respondents felt the name lupin was 
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positive and fewer (49%) felt lupin was a positive name for 
a food ingredient. Most of the those consumers for whom the 
name lupin was negative, associated lupins with animal feed. 
More work needs to be done on consumer attitudes 
towards the name lupin. One aim of this study was to examine 
consumer attitudes toward the name lupin and its 
acceptability as a food ingredient for human consumption 
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2. 10 RATIONALE 
Much of  the research conducted into the use  of 
as  a food for human consumption has been focused 
lupin seed . These  studies indicate that lupins are 
lupins 
on the 
highly 
nutritiou s ,  being high in protein and fibre , and low in fat 
and antinutrient s . However ,  there is l imited information on 
biochemical and sensory changes that occur fol lowing 
germinat ion of the lupin seed . The studies whi ch have been 
completed ( Dagnia ,  1 9 9 0 ; El-Habbal & Att ia ; 1 9 8 7 ; Lee ,  1 9 8 6 ;  
Yu et al . ,  1 98 5 )  on the germinated lupin sprouts indicate 
that germination improves the biochemical propert ies of  
lupins and enhances their  eating qual ities . Therefore , it 
appears that the biochemica l and sensory qual ities  of the 
sprouted lupins are at least as good as that of the seed,  
and that there may be some relationship between the 
biochemical and sensory changes in the developing lupin 
sprout . One aim of thi s study was investigate the 
biochemical and sensory changes of  the developing sprouts 
and to establ i sh the relationship , i f  any , between the 
biochemical and sensory changes in the developing lupin 
sprout . It  was expected that germinat ion would  improve the 
biochemical and sensory characteristics  of the lupin seed . 
Research on the use  of  lupin as  a food ingredient for 
human consumption (Agosin  et al . ,  1 9 8 9 ;  Bergl and Smith, 
1 9 8 9 ;  Hung et al . ,  1 9 9 0 ;  Lee ,  1 9 8 6 ) , has shown that a sma l l  
amount of  lupin i s  acceptable i n  many Asian and Western 
foods , however there are s t i l l  very few food products on the 
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commercial market that contain lupin. It appears that 
consumer attitudes toward the name lupin may be negative due 
to its traditional association with animal feed. Another aim 
of this study was to identify consumer attitudes towards the 
use of lupin in human food by developing a food product 
containing lupin for consumers to sample. It was expected 
that consumers would find the developed lupin food product 
acceptable. This may not of course reflect the attitudes of 
food manufacturers and processors who may feel quite 
differently about the acceptability of the food product 
developed in this project. 
2. 1 1  OBJECTIVES 
In order to test the research hypothesis the research 
program was designed with the following objectives : 
1. To determine and assess the biochemical changes of 
developing L. angustifolius sprouts up to day 6. 
2. To assess the sensory changes in developing 
1....:.. angustifolius sprouts up to day 6. 
3. To determine the relationship, if any, between the 
biochemical and sensory properties of lupin sprouts. 
4. To develop a food product using lupin sprout as an 
ingredient. 
5. To investigate consumer acceptance of the developed 
lupin product. 
6.  To investigate the attitudes of consumers towards the use 
of lupins as a food for human consumption. 
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3.0 PREPARATION OF LUPIN SPROUTS 
To achieve the specified objectives, this study was 
divided into three parts, Biochemical Analysis and Sensory 
Evaluation, Food Product Development and Consumer Research 
Study. The seeds and sprouts were used for each part of the 
study. The lupin seeds were germinated for up to 6 days and 
then frozen. 
The lupin seeds, (� angustifolius cv. Gungurru) 
provided by the Grain Pool of Western Australia, were 
sprouted using an automatic commercial sprouting system, a 
Micro Malter (Union Maltings, W . A . ) . The Micro Malter is a 
machine which has baskets attached to a drum that can be 
rotated within a confined, controlled environment. This 
enables the germinating seeds to be 'freed' from one 
another. The Micro Malter was only available for two weeks 
so all the germination for these experiments had to be done 
in one batch. As discussed later, this restriction on the 
access to the Micro Malter, had important implications for 
this study. 
The sprouting procedures used were adapted from 
previous sprouting studies (Dagnia, 1991 ; Lee, 1986 ; Yu et 
al., 1985). The seeds were soaked for 24 hours in tap water, 
then germinated in the dark at 20 °c and turned 4 times every 
3 hours. The seeds were rinsed for 30 minutes every 7 and a 
half hours with tap water. Sprouts were removed after 
soaking for 24h (Day 0), then after germination for 24h (Day 
1), 48h (Day 2), 72h (Day 3), 96h (Day 4) and 164h (Day 6). 
40 
The number of batches which could be sprouted was limited by 
the number (6) of baskets available in the Micro Malter. 
Sprouts were aged to day 6 so that data could be compared to 
similar work completed by Dagnia ( 1 9 9 0 ) on day 6 sprouts . 
Once removed, the sprouts were frozen using a domestic 
freezer and stored at - 1 s 0c until required. Each batch of 
sprouts were randomly divided into three so that the sprouts 
used at each part of the study came from the same batch. 
Moisture content was determined by weighing the fresh 
and freeze-dried samples. The samples then milled and all 
assays were subsequently conducted on the dry material so 
that results could be reported on a dry basis. This enabled 
figures to be directly compared to other data in the 
literature. 
4. 0 PART 1: BIOCHEMICAL ANALYSIS OF AND SENSORY EVALUATION 
OF THE LUPIN KERNEL AND SPROUTS 
This part of the study involved conducting biochemical 
assays and sensory evaluation on the lupin kernel and 
developing lupin sprouts. 
4. 1 BIOCHEMICAL ANALYSIS 
Biochemical assays were conducted on the lupin kernel 
and the dehulled lupin sprouts aged day 0, 1, 2, 3,  4, and 
6, and for comparative purposes the day 0, 3 and 6 sprouts 
with the hull were also analysed. Assays procedures used 
were those used and recommended by the Chemistry Centre (see 
appendix A for analytical procedures). 
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The assays included: 
Protein (by Leco nitrogen analyser) 
Fats and fatty acid profile (by Gas Chromatography) 
Ash (Oven dry method) 
Crude Fibre (Gravimetric method) 
Carbohydrates (by difference, proximate analysis) 
Sugars (Anthrone method - suitable for relative values 
within a single legume species) 
Polysaccharides (Anthrone method on residue 
from sugar analysis) 
Minerals (Acid digestion the analysis by ICP-AES) 
Trypsin inhibitor (Spectrophotometric method) 
Phytate (Anion-Exchange method) 
Oligosaccharides (High pressure liquid chromatography 
method) 
Alkaloids (Gas Chromatography) 
Tannins ( Folin-Denis method for polyphenolics) 
Gross Energy (Bomb calorimetry, completed by 
J. Hooper, W. A. D. A) 
The assays were completed at the Chemistry Centre 
(Western Australia), except where indicated, using standard 
methods of analysis. The student researcher was involved in 
all the analysis under the supervision of the Chemistry 
Centre staff, who are highly qualified and experienced in 
the field of chemical analysis. Appropriate validity and 
reliability checks were employed when conducting all assays. 
4. 1. 1  DATA ANALYSIS 
The findings from the biochemical analysis were 
reported in a comprehensive written format and graphs and 
tables were used where necessary to summarise the data. 
42 
4. 1. 2  RESULTS OF BIOCHEMICAL ANALYSIS 
Various biochemical assays were conducted on the lupin 
kernel and sprouts, both with and without the hull, up to 
day 6 of germination. A number of biochemical changes 
occurred over the 6 days of sprouting (Table 8-13). 
Table _a 
Chemical Composition of Lupin Kernel and Sprouts Without the Hull 
(g kg-I dry basis) 
Moisture 
Protein 
Fat 
Crude Fibre 
Ash 
Carbohydrate 
Sugars 
Polysaccharides 
Energy (MJ/kg) 
Table 2 
KERNEL 
64 
448 
84 
18 
33 
417 
106 
97 
soaked DAY 
24h 1 
635 646 
474 456 
90 90 
30 26 
28 29 
378 399 
101 88 
102 115 
19 19 
DAY DAY DAY DAY 
2 3 4 6 
636 622 611 584 
470 465 469 474 
82 79 73 69 
24 28 29 29 
30 30 30 30 
394 398 399 398 
81 81 86 94 
124 133 134 132 
19 18 18 19 
Mineral Content of Lupin Kernel and Sprouts Without the Hull 
soaked DAY DAY DAY DAY DAY 
KERNEL 24h 1 2 3 4 6 
g kg-1 dry basis 
Calcium 0. 7 1 .  0 0. 8 0. 9 0. 8 0. 8 0. 9 
Magnesium 1 .  4 1 .  7 1 .  6 1 .  7 1 .  6 1 .  6 1 .  7 
Sulphur 2.5 2. 6 2. 6 2.6 2. 6 2. 6 2 . 6  
Phosphorus 3. 7 3. 9 3. 8 3. 9 3. 9 3. 9 3. 9 
Potassium 10. 1 7. 2 8. 3 8.2 8. 5 8. 7 8. 3 
mg kg-l dry basis 
Copper 4. 4 8. 6 6. 4 11 6. 6 6. 4 7. 2 
Manganese 33 38 35 34 33 33 35 
Iron 42 52 50 53 48 58 52 
Zinc 38 43 41 43 40 41 42 
Cadmium 0. 01 0. 02 0. 02 0. 02 0. 02 0. 02 0. 02 
Lead 0. 07 0. 10 0. 13 0.21 0. 02 0. 16 0. 09 
Nickel 0. 71 0. 69 0. 72 0. 88 0. 73 0. 78 0. 73 
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4.1. 2 RESULTS OF BIOCHEMICAL ANALYSIS 
Various biochemical assays were conducted on the lupin 
kernel and sprouts, both with and without the hull, up to 
day 6 of germination. A number of biochemical changes 
occurred over the 6 days of sprouting (Table 8-13). 
Table _a 
Chemical Composition of Lupin Kernel and Sprouts Without the Hull 
(g kg-I dry basis) 
Moisture 
Protein 
Fat 
Crude Fibre 
Ash 
Carbohydrate 
Sugars 
Polysaccharides 
Energy 
Table 2. 
(MJ /kg) 
KERNEL 
64 
448 
84 
18 
33 
417 
106 
97 
soaked DAY 
24h 1 
635 64 6 
474 456 
90 90 
30 2 6  
28 2 9  
378 399 
10 1 88 
102 115 
19 19 
DAY DAY DAY DAY 
2 3 4 6 
636 62 2  611 584 
470 465 469  474 
82 79 73 69 
24 28 2 9  2 9  
30 30 30 30 
3 94 398 399 398 
81 81 86 94 
1 24 133 134 132 
19 18 18 19 
Mineral Content of Lupin Kernel and Sprouts Without the Hull 
soaked DAY DAY DAY DAY DAY 
KERNEL 24h 1 2 3 4 6 
g kg-1 dry basis 
Calc ium 0. 7 1. 0 0. 8 0.9 0. 8 0. 8 0. 9 
Magnesium 1. 4 1. 7 1. 6 1. 7 1. 6 1. 6 1. 7 
Sulphur 2. 5 2.6 2. 6 2.6 2. 6 2. 6 2. 6 
Phosphorus 3. 7 3. 9 3. 8 3. 9 3. 9 3.9 3. 9 
Potassium 10.1 7. 2 8. 3 8. 2 8.5 8.7 8. 3 
. mg kg-l dry basis 
Copper 4.4 8. 6 6.4 11  6. 6 6. 4 7. 2 
Manganese 33 38 35 34 33 33 35 
Iron 42 52 50 53 48 58 52 
Zinc 38 43 41 43 40 41 42 
Cadmium 0.0 1 0. 02 0.02 0. 02 0.02 0. 02 0. 02 
Lead 0. 07 0. 10 0.13 0. 21 0. 02 0. 16 0. 09 
Nickel 0. 71 0. 69 0.72 0. 88 0. 73 0.78 0. 73 
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Table 1Q 
Antinu1rient Content of Lupin Kernel and Sprouts Without the Hull 
(g kg- dry basis) 
Oligosaccharides 
Phytate 
Tannins 
Trypsin Inhibitor 
Alkaloids 
Table 11 
KERNEL 
65 
5. 1 
2. 1 
0. 1 
0. 09 
soaked 
24h 
57 
5. 1 
2. 2 
0. 1 
0. 09 
DAY DAY DAY 
1 2 3 
6 1 0. 05 
5. 4 5. 3 4 . 6  
2. 4 2. 6 2. 4 
0. 1 0. 1 0. 1 
0 . 03 0. 03 0. 06 
P roximate Analysis of Lupin Kernel and Lupin Sprouts 
With the Hull (g kg=r dry basis) 
soaked DAY DAY 
24h 3 6 
Moisture 635 623 5 84 
Protein 374 374 375 
Fat 73 61 54 
Crude Fibre 149 148 148 
Ash 29 29 28 
Carbohydrate 375 38 8 395 
Sugars 79 63 67 
Polysaccharides 98 111 115 
Table 
Mineral Content of Lupin Kernel and Sprouts With 
the Hull 
g kg-1 dry basis 
Calcium 2. 1 2. 1 2 . 1  
Magnesium 1. 8 1. 9 1 .  9 
Sulphur 2. 1 2. 2 2. 1 
Phosphorus 3. 2 3. 3 3. 2 
Potassium 6. 9 6. 8 6. 8 
mg kg-1 dry basis 
Copper 35 32 36 
Manganese 35 38 38 
Iron 44 5 2  4 3  
Zinc 47 47 47 
Cadmium 0. 02 0. 0 2  0. 02 
Lead 1. 88 1. 91 1 .  89 
Nickel 0. 68 0. 72 0. 77 
4 4  
DAY DAY 
4 6 
0. 05 0 . 05  
4 . 4 5 . 2  
2. 7 2 . 8 
0. 2 0 . 05 
0. 03 0 . 03 
Table .Ll. 
&:1tinutrient Content ¥i Lupin Kernel and Sprouts 
With the Hull (g kg- dry basis) 
soaked DAY DAY 
24h 3 6 
Oligosaccharides 46 10 0. 05 
Phytate 49 51 44 
Tannins 2. 1 2. 4 2. 4 
Trypsin Inhibitor 0. 05 0. 05 0. 05 
Alkaloids 0. 07 0.03 0. 03 
4. 1.3 DISCUSSION 
The protein content of the lupin sprouts without the 
hull increased by 6% after 6 days of sprouting. The protein 
content of the sprouts with the hull did not change notably. 
This increase in protein may not be real, but due to the 
loss of materials, such as fat and carbohydrates (see Figure 
3). These results are similar to those found by Dagnia 
(1990) after germinating lupins for 6 days . 
g/kg dry basis  eoo .-----------------------------. 
500 - ---············-···-·---···--·-····--·--···---··--·----------
400 ... ... ·-·--······-················-··········-···-----·········-··--·--·--·--,·----------. -
300 --·········-··--·············-··-·--··--····----- ···· ··· -·· ···········-·-··--·----··-··-·-··---- -----i 
200 --·--·-·-···-· ·······--·······--·-··-········· ··-···-- ······-·-·--······-·····-·····-·--··-------! 
100 --·-·-·····--··-············-·-··········-········-··--········-············-------···----·--·----
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Figure J. Changes in protein during germinat ion 
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Day 6 
The fat content of the lupin sprouts with the hu ll  
increased during the soaking and early germination stage s ,  
then decreased cons iderably in the later stages of 
germinat ion . The initial increase is  likely to be due to the 
loss of other materia l s . The fat content of the day 6 
sprout without the hu ll  decreased by 1 8 %  while the fat 
content of the day 6 sprout with the hul l  decreased by 2 6% 
( see Figure 4 )  It is l ikely that the decrease in 
content is  due to fat being broken down by l ipase to be 
for energy in respirat ion (Mayer ,  1 9 63 , p .  1 13- 1 1 4 ) . 
results support those found by Dagnia ( 1 9 9 0 )  
germinat ing lupins for 6 days . 
g/kg dry basis  
100 r-------------------------, 
8 O -···-·-····-···--·--··-·--·-··---·-·-···-·-······---·--·-····-·-·---······-··----==- :::,, _  �=a:-
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4 0 --- - -------·--·-··----- -------····--·-·--··-·------··------------·----·-··----·---·---·--·-··- ---- ··----
2 0 · - . · ---·-···---·----··-····-·-···--·-----·-··-···--····--·-·------------------ ---
0 '----1-----1----...L._----1---.....L.---..L._----1.-.....J 
Kernel Day 0 Day 1 Day 2 Day 3 Day 4 
SPROUTS 
WITHOUT HULL -+- WITH HULL 
Figure � - Changes in fat during germination 
4 6  
Day 6 
fat 
used 
The s e  
after 
Table ll 
Fatty Acid Profile of Lupin Kernel and Sprouts 
Without the Hull 
FATTY ACID 
Myristic 
Palmitic 
Stearic 
Oleic 
Elaidic 
Linoleic 
Linolenic 
Arachidic 
Eicosenoic 
Behenic 
Lignoceric 
Table 1.2_ 
KERNEL 
0. 2 
11. 4 
7. 4 
34.5 
0.8 
37. 1 
3. 7 
1. 0 
0. 3 
2. 2 
0.5 
soaked DAY 
24h 1 
0. 2 0. 2 
11. 4 11. 1 
7.5 7. 4 
34. 5 3 2.7 
0. 8 0. 8 
36. 6 37. 7 
3. 6 4.6 
1. 0 1. 1 
0. 3 0. 3 
2. 2 2. 2 
0. 5 0. 5 
DAY DAY DAY 
2 3 4 
0. 2 0. 2 0.2 
11. 0 10.9 10.8 
7.1 7 . 1  7.2 
30. 9 30. 9 30. 6 
0.7 0.7 0.7 
3 8. 4  3 8.1 37. 1  
6.4 6.7 6. 8 
1. 1 1. 2 1. 3 
0. 3 0.3 0.3 
2. 3 2. 4 2.6 
0.6 0. 6 0.6 
Fatty Acid Profile of Lupin Kernel and Sprouts 
With the Hull 
FATTY ACID soaked DAY DAY 
KERNEL 24hrs 3 6 
Myristic 0. 2 0. 2 0. 2 0.2 
Palmitic 11. 4 11. 5 10. 9 10.8 
Stearic 7. 4 7. 7 7. 3 7 . 1  
Oleic 34. 5 32. 9  29. 8 29. 8 
Elaidic 0. 8 0. 8 0. 8 0. 7 
Linoleic 37. 1 37. 9 35. 7 3 8.0 
Linolenic 3. 7 3. 8 4. 7 7. 2 
Arachidic 1. 0 1. 1 1. 3 1. 4 
Eicosenoic 0. 3 0.3 0. 3 0.3 
Behenic 2.2 2. 2 2. 7 2.6 
Lignoceric 0.5 0. 5 0. 6 0.7 
DAY 
6-
0. 2 
10. 9 
7. 4 
30. 2 
0.7 
37.3 
7. 3 
1. 3 
0. 3 
2. 5 
0.6 
The most abundant fatty acids in the lupin sprouts 
(with and without the hull) are linoleic, which is 
polyunsaturated, and oleic, which is unsaturated ( see Table 
13 and 14 and Figure 5). There were few other changes in 
fatty acids content. There was a decrease in oleic acid 
47 
and an increase in linolenic acid,  which is  a 
polyunsaturated fatty acid . It i s  likely that the decrease 
in oleic acid is  due to it being used for energy . The 
change in oil  qual ity and by-products from the breakdown of 
fatty acids may affect the flavour of the sprouts . 
4 0 -···---····-·······-----········-···-··-······-······---.. -·--·-·- ···-··-····--····-······--- .................. ____  .......... -........................ --- -·---··-----
··------ -----·· 
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1 o L _ _____ _ Jl!c __ .. ___ _____ :+:. - ----- -------·- ··· ·J"-· · ·· ·  
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....... ·· ·· 
* 
-- ---- -- -· -· · *'-····-····-·· --····-:·----··-· 
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-*" LINOLENIO 
-1- OLEIO 
SPROUTS 
-*- PALMIT IO -8- STEARIO 
Figure � - Changes i n  fatty acids during germination (without 
the hul l )  
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Fibre content of the lupin sprouts without the 
hull increased by 67% after the soaking stage (day 0). This 
increase may be due to a loss of soluble material. The fibre 
content of the lupin sprouts with the hull was, as expected , 
much higher than the sprouts without the hull , however was 
not affected by germination (see Figure 6). 
Changes were also noted in the proportion of the 
various constituent sugars that make up the cell wall. For 
example the content of galactose (the maj or sugar present) 
fell by 32% ,  mannose increased by 83%,  uronic acid increased 
by 41% and glucose increased by 29%. Other sugars varied by 
less than 10% from the original kernel. These relative 
changes suggest that the cell wall material was broken down 
and converted from storage carbohydrates to structural 
carbohydrates, and used as a source of energy. 
g/kg dry basis 
200 ;...._..-=---=---------------
--------, 
150 ------ --· I . .. 1 - -,.......-·-
100 
50 ---------··-·- ·--·---·- ---·---- --
O L_--1., ___ L_ __ ....L_ __ --1.. __ ____J1--__ .....__ __ �__, 
Kernel Day O Day 1 Day 2 Day 3 Day 4 Day 6 
SPROUTS 
WITHOUT HULL -+- WITH HULL 
Figure &. Changes in fibre during germination 
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The carbohydrate content of the lupin sprouts with and 
without the hul l  decreased during germination . There was a 
sharp decrease  in the soaking stage . It i s  l ikely that 
carbohydrates were broken down for energy { see Figure 7 ) . 
4 3 0 ·····--·--.............. -................. · · .......... --- -··---......................... -......... .............. ....... ·--·--·····--·"·"·-·······------ ---- --·--· .... -·--·· 
410 ! ...................... ..................................................... -............... ................ -............................. _ ................. _ ........................ _. _____ _________  ..________ __________ __ _
390 �--------....................... _ .... ............... _____  -···----···-...................................... _____________ __ ........ ..... -....... ·--- ----.. --.. ·----.... -.... ·--·---
! 
I 
3 7 0 f-··-------···------·--·-------·---·
......... .. ...... -............................ -..................................... -._··----·- ......................... _ ............. _ ......... -......................... -.............. ________
_____ .. ___ .. , __  ........ . 
! ' 
Kernel Day O Day 1 Day 2 Day 3 Day 4 
SPROUTS 
WITHOUT HULL -+- WITH HULL 
Day 6 
Figure 2. Changes in carbohydrates during germination 
50 
The content of low molecular weight saccharides in the 
lupin sprout decreased during the soaking and early 
germination stages . These sugars are likely to have been 
used as an energy source for metabol ism . The sugar content 
of the sprout then increased in the later stages of 
germination as the complex carbohydrates  may have been 
broken down to form a pool  of s imple sugars for growth of 
the sprout ( see Figure 8 ) . 
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F igure � - Changes in sugars during germination 
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Day 6 
Polysaccharides increased considerably in both the 
sprout with and without the hull following 6 days 
germination, 36% and 17% respectively (see Figure 9). This 
increase again may be due to a loss of other nutrients. It 
is likely that polysaccharides are not metabolised as 
quickly as other nutrients such as fat. It would seem 
unlikely that further synthesis of cell wall material would 
occur at this stage. 
g/kg dry basis 
1 50 r----------------------------. 
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Figure � - Changes in polysaccharides during germination 
5 2  
The gross  energy va lue of the germinating sprouts did 
not change notably { see Figure 1 0 ) . 
MJ/kg 
40 
30 
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10 
. 
I I I I I I 
Kernel Day O Day 1 Day 2 Day 3 Day 4 
SPROUTS 
- WITHOUT HULL 
Figure lQ .  Changes in energy during germination 
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Ash content changed slightly during germination 
indicating some electrolyte changes. There were no 
significant changes in the calcium, magnesium, phosphorus ,  
copper, manganese , zinc and iron content of sprout s with or 
without the hull during germination. Potas sium was the only 
mineral that decreased following germination of the sprout s , 
without the hull, pos sibly due to leaching into the soaking 
medium ( see Figure 11). 
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Figure 1.1. Changes in mineral content during germination 
(without the hull) 
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Sprouting made very little difference to the cadmium or 
lead content of lupin sprouts with or without the hull. 
Nickel content increased immediately after germination 
commenced but decreased by day 6 in sprouts with and without 
the hull (see Figure 12). 
mg/kg dry basis 
1 . 0 �------------------------------, 
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Figure 1..£. Changes in cadium, nickel and lead during 
germination (without the hull) 
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Some antinutrients decreased as a result of germination 
(see Figure 13). 
Alkaloids, which are bitter toxic compounds, decreased 
considerably following 6 day germination (67% in the sprout 
without the hull and 57% in the sprout with the hull) 
The low levels of alkaloid in the sprouts should make the 
bitterness of lupins less detectable. These results are 
similar to those of Dagnia (1990, p. 37) who found a 78% 
decrease after 6 days of germination. 
Oligosaccharides are simple oligomers of raffinose 
which ferment in the hind gut to cause flatulence. The 
oligosaccharide content of lupins decreased by 98% (with and 
without the hull) during germination. Oligosaccharides are 
likely to have been used as an energy source for the growing 
sprout. It is unlikely that the low oligosaccharide content 
in the day 2 to day 6 sprouts would cause flatulence, thus 
sprouting would be beneficial. These results are similar to 
those of Dagnia (1990) and Trugo et al. (1990). Dagnia 
(1990, p. 37) found that the oligosaccharide content of 
lupin sprouts decreased by 95% after 6 days of germination. 
Trugo et al. (1990, p. 44) noted a sharp decrease in 
oligosaccharide content of lupin after 3 days of 
germination. 
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The tannin content of lupin increased after 
germination. This is not a favourable result as tannins are 
believed to cause irritation in the digestive tract, lowered 
energy conversion from food, increased excretion of nitrogen 
in the faeces and cancer (Petterson, personal communication, 
1 9 9 1 ) . 
There was no change in the trypsin inhibitor due to 
germination. 
Phytate content did not change notably during 
germination. These results differ from Dagnia (1990) who 
showed a 66% decrease in phytate after 6 days germination. 
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The moisture content of lupin sprouts increased 
sharply in the soaking stage then decreased slowly during 
germination (see Micro Malter figures on Figure 14). 
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Figure l.i. Changes in moisture during germination 
Day 6 
This was an unexpected result. Moisture content should 
have increased throughout germination due to the continued 
uptake of water as found by Dagnia (1990), Lee (1986), & Yu 
et al., (1985). Figure 15 shows the differences in the 
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Fresh Sprout figures (see appendix B for domestic sprouting 
conditions) and Micro Malter sprout. 
g/� 1000 ,-----------------------------. 
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Figure .12. Comparison of moisture content of sprout 
germinated in the micro malter machine and those sprouted 
domestically (fresh) 
It  appears that the sprout s suffered moisture stre s s  as 
a result of the sprouting conditions. Seeds probably needed 
to be soaked for longer periods and more frequently. 
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Biochemical changes may have been di fferent if other 
sprouting conditions were used. 
While the moisture stress in the sprouts was discovered 
at a relatively early stage of the study, as stated earlier, 
the Micro Malter was not available for use again until 1992. 
Therefore another batch of sprouts could not be germinated. 
Sprouting by other methods could not be done under 
controlled methods nor would they produce adequate amounts 
of sprouts for the whole study. Therefore it was decided to 
continue the experiment using the moisture stressed sprouts, 
but with a recognition that this may have an effect on the 
results of the research. 
This problem could be overcome with more experience 
with the use of the Micro Malter as a means of germinating 
legume seeds. The Micro Malter is presently used mainly for 
sprouting barley for malting. Different conditions have to 
be developed for its use with germinating lupins. Another 
alternative may be to use a commercial sprouter plant that 
already germinates legumes such as mung beans and alfalfa. 
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4. 1. 4 SUMMARY 
There appears to be distinct evidence of moisture 
stress in the developing sprout. This would have a marked 
effect on the biochemical changes which occurred during the 
later stages of germination in particular. It does appear 
that the experimental conditions chosen for germination 
using the Micro Malter were inappropriate and this problem 
had a major and negative influence on the quality and 
physical characteristics of the older sprouts. 
Even so there were a large number of biochemical 
changes that occurred during the germination of lupin seeds, 
especially in the soaking and early stages of germination. 
The major changes in nutrients included a decrease in fat 
and sugars, and an increase in fibre and polysaccharides. 
The most favourable changes that occurred during 
germination were the decreases in the antinutrients, 
oligosaccharides and alkaloids. The decrease in 
oligosaccharides would be expected to reduce the likelihood 
of lupins causing flatulence, and the decrease in alkaloids 
would be expected to reduce the likelihood that any bitter 
taste would be detected. 
The results were reported on a dry basis, so the 
sprouts could be compared to the kernel and other reports on 
germinated legumes. If a cost benefit analysis was made 
results would need to be reported on per seed basis taking 
into account any loss of dry matter that may have occurred 
with soaking and sprouting. 
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It could be expected that the large biochemical changes 
would have affected the sensory characteristics of the lupin 
seed especially during the soaking (day 0) and early stages 
of germination. A sensory evaluation was undertaken to see 
if any relationship could be shown between the biochemical 
and sensory changes in the developing sprout. The next stage 
of the study involved an attempt to identify any 
relationships between biochemical and sensory 
characteristics of the developing lupin sprout. 
63 
4.2 SENSORY EVALUATION OF THE LUPIN SPROUT 
This part of  the study involved the evaluation o f  
dehulled lupin sprouts aged day 0 ,  1, 2, 3 ,  4 and 6 ,  in 
terms of their sensory characteristics. 
4.2.1 SAMPLE PRESENTATION 
The various lupin sprouts (see Plate 1) change in 
physical appearance at different stages of development. As 
such di fference would make it impossible to control for 
psychological biases (based on expectations relating to 
size, shape, colour and so on), it was decided that the 
physical differences had to be removed. This was achieved by 
freeze drying the sprouts and then milling them into a fine 
powder. 
The powder was then compressed into pellets about 5mm 
high. The pellets were identical in terms of size, shape, 
colour texture, particle size and moisture level (Plate 2). 
Any dif ferences found between the pelletised sprouts at 
different stages of development should be based on sensory 
rather than physical characteristics. 
64 
Plate 2 .  Different aged lupin sprouts and kerne l made into 
pe l lets 
4. 2. 2  SUBJECTS 
A sensory evaluation panel composed of a small number 
of respondents (20-25) studying in the area of foods, was 
trained to evaluate the sprouts. 
4. 2. 3  TEST INSTRUMENT 
A questionnaire (se e below) was designed to evaluate 
the lupin sprouts in terms of their sensory attributes. 
Undifferentiated scales were used which do not provide an 
explicit escape clause. The undifferentiated scales were 
made up of a 50-point scale with anchors at each end. Some 
attributes were evaluated by hedonic measurement (that is 
ass essment of ple asur e )  while other attribut e s  w e r e  
evaluated using quantitative measurements which measure the 
strength or intensity of a particular characteristic (eg. 
bitterness) (Flanagan, 19 91) 
Pilot testing of the questionnaire was conducted in 
order to ensure that the appropriate attributes and end 
anchors were chos en for the evaluation of this type of 
product. 
6 6  
4. 2. 4  QUESTIONNAIRE 
Trial No. 
INSTRUCTIONS : 
Please rate each sample by placing the appropriate symbol 
(O, V, +) in the desired position along the scales below. 
F LAVOUR 
very unpleasant 
I .  . . . . . . . . . . .  
SWEETNESS 
Nil 
. . . . . . . . . . . . . . . . . . . .  
I . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SALTINESS 
Nil 
I . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BEANINESS 
Nil 
I . . . .  . . . . . . . .  
UNUSUAL FLAVOURS 
. . . . . . . . . . . . . . . . . . . .  
P L EASA N T N E S S  
very pleasant 
. . . . . . . .  I 
very sweet 
. . . . . . . .  I 
very salty 
. . . . . . . . I 
very beany 
. . . . . . . .  I 
Nil very strong 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
OVERALL ACCEPTABILITY 
totally unacceptable totally acceptable 
I . . . .  . . ,• . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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4.2. 5 DESIGN 
As a t o t a l  o f  s i x s amp l e s  were  t o  be  eva l u at e d , a 
l inked experimental  method was used with no more than three 
products  being eva luated at a t ime . In o rder to min imi s e  
response  bia s ,  samples were coded us ing s ymbol s  ( � , v , + )  to 
control  for that s ou rce o f  ps ycho log i c a l  re spon s e  b i a s . 
Samp l e s  we re placed into 3 0mL cups and p l a ced on a wh ite 
plate divided into three pre-coded s ect ions . The cups were 
placed on the s ect ion of the p late with the corresponding 
code ( s e e  F igure  1 6 ) . Spoon s we r e  s u pp l i e d f o r  e a s e  o f  
tasting . 
Wat er  wa s provided fo r respondents  to  drink between 
samples  to  help neut ral i s e  the i r  palate . The re spondent s 
were not given any informat ion about the samples in order to 
reduce any biases due to expectations . 
Figure 16 . P late presentat ion 
4. 2.6 EXPERIMENTAL VARIABLES 
Age of the sprouts : Day 0 ,  1 ,  2 ,  3 ,  4 ,  or 6 .  
4. 2. 7  CONTROLLED VARIABLES 
Sprouting Methods : the same sprout ing methods were used for 
all the seeds ( see sect ion 3 . 0  P repa rat ion of lupin sprout s ) . 
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Serving Temperature: all the sprouts were served at room 
temperature. 
Dehulling: all sprouts were dehulled. 
4. 2. 8  DATA ANALYSIS 
Results from the questionnaire responses were analysed 
statistically using the Minitab statistical package. 
Descriptive statistics such as means, standard deviations 
and frequencies were calculated. One- way Analysis of 
Variance (ANOVA) was used to identify differences within 
each set of data. If significant differences were detected 
by the ANOVA F-test, the Rodgers Range Test was used to 
determine whether any significant differences existed 
between the pairs of samples (see appendix C). 
The findings are reported in a comprehensive written 
format with the use of figures and tables to summarise the 
data. 
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4.2.9 RESULTS OF SENSORY EVALUATION OF LUPIN KERNEL AND SPROUTS 
TRIAL A :  SOAKING AND EARLY GERMINATION OF LUPIN SPROUTS 
As reported above, a large number of biochemical changes 
occurred in the sprout during the soaking stage. The most notable 
biochemical changes were the decrease in the antinutrients, 
oligosaccharides and alkaloids. It was expected that sensory 
changes would occur in the sprout during the soaking. For example 
changes in alkaloid content may reduce the bitter taste of lupin 
sprouts and therefore the day 1 sample should be less bitter than 
the other samples. Trial A aimed to evaluate the sensory 
characteristics of the kernel, day O and day 1 sprout. 
VARIABLES: 
+ Kernel 
v Day O (soaked for 24h) without the hull 
� Day 1 sprout without the hull 
Table 16 
Results of Sensory Evaluation: Trial � (average response) 
Kernel Day 0 Day 1 TABLE OF 
CONTRASTS 
N=18 + V et, +/v +I<\> v/� -- -- -
FLAVOUR PLEASANTNESS 14 14 15 
SWEETNESS (nil - very sweet) 12 11 13 
SALTINESS (nil - very salty) 9 9 11 
BEANINESS (nil - very beany) 30 26 29 
UNUSUAL FLAV (nil-very unusual) 29 29 31 
OVERALL ACCEPTABILITY 13 13 14 
COMMENTS: 
The results from trial A showed that there was no 
significant difference in the sensory properties of the kernel, 
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day O and day 1 sprouts . This  result was unexpected . A number of 
biochemica l changes had occurred in this  time but these did not 
appear to have affected the sensory propert ies of the lupin 
sprouts .  It may be pos s ible that the sensory changes were too 
subt le to be detected, or that the sensory methods used were not 
sens it ive enough to detect the changes in biochemical properties . 
TRIAL B: LATER GERMINATION STAGE OF LUPIN SPROUTS 
A large number of biochemica l changes occurred during the 
early germinat ion stage . It was expected that the sensory changes 
would have also  occurred during the early germination stage . 
Trial B aimed to evaluate the sensory propert ies of the day 1 ,  
day 2 and day 3 sprout s .  It was expected that the older sprout 
( day 3 )  would be more acceptable than the day 1 sprout due to the 
lower content of alkaloids . 
VARIABLE S :  
� Day  1 sprout without the hu l l  
v Day 2 sprout without the hu l l  
+ Day 3 sprout without the hu l l  
Table .11 
Results of  Sensory Evaluat ion : Tria l � ( average response )  
Day 1 Day 2 Day 3 TABLE OF 
CONTRASTS 
N=l 8  q> V + cp/v 4>1 + v/ + -- -- -
FLAVOUR PLE ASANTNESS 1 1  6 6 * * 
SWEETNESS ( n i l  - very sweet ) 1 2  8 8 
SALTINESS ( n i l  - very salty )  1 1  1 0  1 2  
BEANINESS ( n i l  - very beany ) 2 9  2 9  3 1  
UNUSUAL FLAV ( n i l-very unusua l )  3 6  3 9  4 1  
OVERALL ACCEPTABILITY 1 0  6 5 * * 
* S ign i ficant Difference (oc: 0.015\ 
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COMMENTS: 
The younger day 1 sprout was perceived as being more 
pleasant jn flavour and overall more acceptable than the older 
day 2 and day 3 sprouts. There were no significant differences 
bet ween the day 2 and 3 sprout s. These results were also 
unexpected. It was expected that the older sprouts would have 
been more accept able as a result of the decrease in bitter 
alkaloids. As stat ed earlier, there was clear evidence of 
moisture stress problems at the later stages of germination. This 
ma y have produce d t h e unexpe c t e d  resu l t s found in  t his 
experiment. 
TRIAL C :  FINAL STAGES OF GERMINATION 
Trial C aims to evaluate the sensory changes that occurred 
in the final stages of germination. It was expect ed that the 
older (day 6) sprout would be more acceptable than the younger 
sprouts (day 3 and day 4) as it should be less bitter, due to the 
decrease in alkaloids. 
VAR IAB LES : 
+ Day 3 sprout without the hull 
� Day 4 sprout without the hull 
v Day 6 sprout without the hull 
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Table ll 
Results of Sensory Evaluation : Trial � 
response) 
Day 3 Day 
N=20 + q> 
FLAVOUR PLEASANTNESS 16 16 
SWEETNESS (nil - very sweet ) 15 17 
SALTINESS (nil - very salty) 12 14 
BEANINESS (nil - very beany) 3 2  3 2  
UNUSUAL FLAV (nil-very unusual ) 29 32  
OVERALL ACCEPTABILITY 14 13 
COMMENTS : 
(average 
4 Day 6 TABLE OF 
CONTRASTS 
V +/cp +/v q>/v -- -- -
14 
17 
13 
31 
3 1  
13 
The results from trial C show that there were no significant 
sensory differences between the day 3 ,  day 4 and day 6 sprouts. 
These results were unexpected. It was expected that the older 
sprout (day 6) would have been more acceptable due to the 
decrease in alkaloids. The results suggest that the attempt to 
match sensory and biochemical changes was not successful and that 
further work on developing both sprouting and sensory methods is 
necessary before any firm conclusions can be drawn. 
TRIAL D: AGE AND MOISTURE STRESS EFFECTS 
It was felt that the age differences in the sprouts tested in 
t rials A, B, and C, were not large enough to show sensory changes 
and that a larger age difference maybe necessary to detect the 
changes. Trial D aimed to compare the largest age difference, 
the ungerminated kernel with the oldest sprout , day 6. A large 
number of biochemical changes occurred during these 6 days of 
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germination. It was therefore expected that sensory changes would 
have also occurred during this time. 
Secondly it was felt that the moisture stress which occurred 
in the sprouts during germination as a result of the germination 
conditions, may have caused the fai lure to detect any systematic 
sensory changes. Trai l D also aimed to compare the day 6 sprout 
germinated in the Micro Malter with the day 6 sprout germinated 
under domestic conditions in order to determine the effects of 
moisture stress on the sensory characteristics of the sprout. 
VARIABLES: 
+ Kernel 
v Day 6 sprout without the hul l ( Micro Malter) 
� Day 6 sprout without the hul l  (Fresh) 
Table _12 
Results of Sensory Evaluation : Trial Q ( average response ) 
N=20 
FLAVOUR PLEASANTNESS 
SWEETNESS ( n i l  - very sweet) 
SALTINESS (nil  - very salty) 
BEAN I NESS (nil  - very beany) 
UNUSUAL FLAV (nil-very unusual )  
OVERALL ACCEPTABILITY 
* Significant Difference (0<.::- 0,os\ 
COMMENTS: 
Kernel Day 6 
Micro 
+ V 
19 16 
16 15 
12 11 
29 27 
25 28 
20 16 
Day 6 TABLE OF 
Fresh CONTRASTS 
� +/v +/�  V / q> -- -- -
9 * * 
14 
12 
34 
3 5  * * 
10 * * 
The results from trial D indicate that there was no 
significant difference between the kernel and day 6 Micro Malter 
sprout. This result was unexpected due to the large number of 
biochemical changes that occurred in this time. Again it appears 
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if sensory changes did occur during germination they were not 
detectable using these methods and procedures. 
The fresh day 6 sprout was not perceived as being as 
ple asant in flavour or as acce ptable as the day 6 sprout 
germinated in the Micro Malter machine. The fresh day 6 sprout 
was also perce ive d as having more unusual flavours. I t  is 
difficult to explain these results. 
From these results, it seems that the failure to be able to 
match sensory and biochemical results is likely to be due to the 
problems of moisture stress and also to the iriadequacies of the 
sensory evaluation techniques used in this part of the study. 
4 . 2 . 10 SUMMARY 
There were few sensory differences that could be detected in 
the lupin sprouts of different ages. This was an unexpected 
result as a large number of biochemical change s had occurred 
during the 6 days of germination, on, including decreases in fat, 
ol igosacch aride s, and alkal oids,  and an incre ase in 
polysaccharides. It was expected that sensory changes would have 
been  detected as a result of the biochemical changes in the 
sprouts. 
I t  is possible that the moisture stress that occurred in 
the sprout as a result of the sprouting conditions, may have 
reduced the ability to detect any sensory changes. It is also 
possible that the sensory changes in the sprout were just not 
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detectable by the taste panel, or that a larger, more trained 
panel was necessary to detect the sensory changes. 
The sensory techniques used, particularly the use of the 
pellets, may have not been suitable for this type of experiment, 
although the use of pellets as a way of controlling biases was 
found to be successful by Barlow (1991) who found significant 
difference when evaluating muesli. It is possibly that a paste 
would have been more suitable for evaluating lupin sprouts as 
many respondents found the lupin pellets to be an unpleasant way 
of evaluating this type of product. 
More work is needed on the sensory techniques and the use of 
lu pin pellets. There also need s to be more w o rk done on 
developing optimum germination conditions for lupin sprouts. 
While the sensory evaluation techniques used were found to 
be unsuccessful for analysing the effects of biochemical changes, 
this does not mean that they cannot be used as an experimental 
tool for the development of a food product. The next stage of 
this study involved the use of sensory evaluation techniques for 
the purpose of developing a food product incorporating lupin. 
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5. 0 PART 2 :  FOOD PRODUCT DEVELOPMENT 
This part of the study involved the development of a 
basic food product and the evaluation o f  its sensory 
characteristics. Originally a lupin milk was chosen to be 
developed, but this proved to be unsuccessful (see appendix 
D). Preliminary trials indicated a soup would be a more 
appropriate way of incorporating lupins into a standard food 
product (see appendix E). 
The soup market in Australia is worth millions of 
dollars. The value of the soup imported into Australia was 
$5. 3 S m  for the 1990 / 199 1 financial year ( I. Wilkinson, 
personal communication, 1991) . 
5. 1 FOOD PRODUCT DEVELOPMENT 
A lupin soup recipe was selected from a previous study 
(Smith, 1990) which successfully incorporated lupin kernel 
into a soup. The basic recipe (Smith, 1990) was adapted to 
suit the use of lupin sprouts rather than kernel, and then 
mod i fied u ntil a suitable soup was produced. Only one 
variable was altered for each experiment so that the effects 
of each treatment modification could be analysed. Details of 
the methods used for evaluation can be found below. 
5. 2 SUBJECTS 
A sensory evaluation panel composed of a small number 
of respondents (20 - 25) studying in the area of foods. The 
respondents were trained to evaluate the soup products. 
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5.3 TEST INSTRUMENT 
A questionnaire was designed to evaluate the soup 
product in terms of its sensory attributes. Undifferentiated 
scales were used which do not provide an explicit escape 
clause. The undifferentiated scales were made up of a 50 
point scale with anchors at each end. Some attributes were 
evaluated by hedonic measurement (that is assessment of 
pleasure) while other attributes were evaluated using 
quantitative measurements which measure strength or 
intensity of a particular characteristic. 
Pilot testing of the questionnaire was conducted to 
ensure that the appropriate attributes and end anchors were 
chosen for the evaluation of this type of product. 
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5. 4 QUESTIONNAIRE 
INSTRUCTIONS: 
Please rate each sample by placing the appropriate symbol 
(�, V, +) in the desired position along the scales below. 
APPEARANCE 
very unpleasant 
I . . . .  . . . . . . . .  
FLAVOUR PLEASANTNESS 
very unpleasant 
I . . . .  
SWEETNESS 
Nil 
I . . . .  
SALTINESS 
Nil 
I . . . .  
BEANINESS 
Nil 
I . . . .  
UNUSUAL FLAVOURS 
Nil 
I . . . .  
MOUTH TEXTURE 
very unpleasant 
I .  . . . . . . . . . . .  
TEXTURE BALANCE 
far too thin 
I . . . .  
OVERALL ACCEPTABILITY 
totally unacceptable 
I . . . .  
very pleasant 
. . . . . . . .  I 
very pleasant 
. . . . . . . .  I 
very sweet 
. . . .  I 
very salty 
. . . . . . . .  I 
very beany 
. . . . . . . .  I 
very strong 
. . . . . . . .  I 
very pleasant 
. . . . . . . .  I 
far too thick 
. . . .  I 
totally acceptable 
. . . .  I 
THANK YOU FOR YOUR CO-OPERAT ION 
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5.5 DESIGN 
No more than three samples were tested at a time. 
Samples were coded using symbols (� 1 v, +) in order to control 
for these sources of psychological response bias. Samples 
were placed in 30mL cups and placed on a white plate divided 
into three pre-coded sections. This controlled for order 
effects. The cups were placed on the section of the plate 
with the corresponding code (Figure 4). Spoons were supplied 
for ease of tasting. 
Water was provided for respondents to drink between 
samples to neutralise their palate. The respondents were not 
be given any information about the samples in order to 
reduce biases due to expectations. 
Figure 11...,_ Plate presentation 
5.6 EXPERIMENTAL VARIABLES 
The experimental variables included: 
Cooking time. 
Presence of the hul l: whether the hull was removed prior to 
cooking, cooked in the soup, or cooked in the soup and then 
removed by straining. 
Soup ingredients: type and amount of vegetables, stock and 
water used in the soup base. 
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Age of the sprouts: whether sprouts used were germinated for 
day 0, 1, 2, 3, 4 or 6 days. 
Effects of freezing: whether the sample was freshly sprouted 
or sprouted then frozen. 
5.6. 1 CONTROLLED VARIABLES 
Sprouting Methods: the same sprouting methods were used 
for all the seeds. 
Serving Temperature: all the soups were heated and served 
at the same temperature. 
5. 7 DATA ANALYSIS 
Results from the questionnaires were statistically 
analysed using Minitab statistical package. Descriptive 
statistics such as means, standard deviations and 
frequencies were calculated. An Analysis of Variance (ANOVA) 
was used to identify differences within each set of data. If 
significant differences were detected by the ANOVA F-test, 
the Rodgers Range Test was used to determine whether any 
significant differences existed between the pairs of the 
samples. 
The findings were reported with the use of figures and 
tables to summarise the data (see appendix F for 
calculations). 
Based on the results from the sensory evaluation, the 
most suitable soup product was selected for further 
development in part 3. 
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5.8 FOOD PRODUCT DEVELOPMENT TRIALS 
TRIAL A :  COOKING TIME AND STRAINING 
AIMS : 
1 .  To 
( <I> 
2 . To 
BASIC 
100g 
80g 
compare the effects 
vs +) . 
compare the effects 
INGREDIENTS : 
chopped carrot 
diced onion 
chicken stock cubes 
VARIATIONS : 
of 
of 
40min and 30min cooking 
straining at 40 minutes 
60g chopped celery 
lL water 
times 
(+ vs v) . 
� 60g Day 2 sprouts with hull - cooked for 30 mins 
+ 60g Day 2 sprouts with hull - cooked for 40 mins 
v 60g Day 2 sprouts with hull - cooked for 40 mins (strained) 
METHOD : 
1. Pressure cook the soup for required time, then puree. 
Table 20 
Results of Product Development: Trial � (Average response) 
SOUPS Day 2 Day 2 Day 2 TABLE OF 
30min 40min 40mins CONTRASTS 
N=l6 
APPEARANCE (pleasantness) 
FLAVOUR PLEASANTNESS 
SWEETNESS (nil - very sweet) 
SALTINESS (nil - very salty) 
BEANINESS (nil - very beany) 
UNUSUAL FLAV (nil-very unusual) 
MOUTH TEXTURE (pleasantness) 
TEXTURE (far too thin-thick) 
OVERALL ACCEPTABILITY 
* Significant difference (Ol= o-cs\ 
COMMENTS : 
<P 
31 
25 
18 
20 
28 
22 
26 
24 
26 
strain 
+ V 4> / +  <t>/v +/v -- -- -
31 32 
31 29 
19 21 
19 22 
23 20 
18 20 
30 33 
23 16 * * 
29 27 
There was little difference between the three soups overall. 
Cooking Time : If anything, the longer (40 minutes) cooking time 
resulted in a slight reduction in beaniness and unusual flavours. 
Straining : The main effect of straining the soup cooked for 
40 minutes was, as expected, a much thinner textured soup. There 
were no other differences. 
RECOMMENDATION : 
Increase the cooking time to 45 minutes to see if the longer 
cooking time improves the texture, thus eliminating the need to 
strain the soup. 
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TRIAL B: COOKING TIME AND STRAINING 
AIMS: 
1. To compare the effects of 40min and 45min cooking times 
( V  VS +) • 
2. To compare the effects of straining at 45 minutes (+ vs t > . 
BASIC 
100g 
80g 
60g 
lL 
3 
INGREDIENTS: 
chopped carrot 
diced onion 
chopped celery 
water 
chicken stock cubes 
VARIATIONS: 
v 60g Day 2 sprouts with hull - cooked for 40 mins 
+ 60g Day 2 sprouts with hull - cooked for 45 mins 
<I> 60g Day 2 sprouts with hull - cooked for 45 mins - strained 
METHOD: 
1. Pressure cook the soup for required time, then puree. 
Table ll 
Results of Product Development :  Trial � (Average response) 
SOUPS Day 2 Day 2 Day 2 TABLE OF 
40min 45min 45mins CONTRASTS 
strain 
N=21 V + <I> v/+ v/<f> +/<p -- -- -
APPEARANCE (pleasantness) 
FLAVOUR PLEASANTNESS 
SWEETNESS (nil - very sweet) 
SALT INESS (nil - very salty) 
BEANINESS (nil - very beany) 
UNUSUAL FLAV (nil-very unusual) 
MOUTH TEXTURE (pleasantness) 
. TEXTURE (far too thin-thick) 
OVERALL ACCEPTABILITY 
* Significant difference£ ..:!. :: o -05) 
COMMENTS 
30 32 36 
26 26 30 
23 22 24 
23 25 22 
27 25 17 
25 24 20 
28 27 36 
23 26 24 
26 25 31 
There was little or no difference between the three soups 
overall. 
* 
* * 
* * 
Cooking Time: There were no differences perceived in the soups 
cooked for different lengths of time. 
Straining: As expected, straining resulted in a more pleasant 
textured soup with a less beany flavour. 
RECOMMENDATION: 
Further increase the cooking time to 50 minutes, to see if longer 
cooking time improves the texture of the soup. 
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TRIAL C: COOKING TIME AND STRAINING 
AIMS: 
1. To compare the effects of cooking time 40min and 50min 
( + vs 4>) • 
2. To compare the effects of straining at 50 minutes (� vs v). 
BASIC 
100g 
80g 
60g 
lL 
3 
INGREDIENTS: 
chopped carrot 
diced onion 
chopped celery 
water 
chicken stock cubes 
VARIATIONS: 
+ 60g Day 2 sprouts with hull - cooked for 40 minutes 
� 60g Day 2 sprouts with hull - cooked for 50 minutes 
v 60g Day 2 sprouts with hull - cooked for 50 mins & strained 
METHOD: 
1. Pressure cook the soup for required t ime, then puree. 
Table 22 
Results of Product Development : Trial � (Average response) 
SOUPS Day 2 Day 2 Day 2 TABLE OF 
40min 50min 50min CONTRASTS 
strain 
N=20 + 1 V +/� +/v <j>/v -- -- -
APPEARANCE (pleasantness) 
FLAVOUR PLEASANTNESS 
SWEETNESS (nil - very sweet) 
SALTINESS (nil - very salty) 
BEANINESS (nil - very beany) 
UNUSUAL FLAV (nil-very unusual) 
MOUTH TEXTURE (pleasantness) 
TEXTURE (far too thin-thick) 
OVERALL ACCEPTABILITY 
* Significant difference (0<.:: o -os'\ 
COMMENTS: 
31  
3 1  
24 
20 
28 
23 
28 
25 
27 
26 35 
27 29 
22 26 
23 22 
3 1  22 * 
24 23 
24 35 
28 2 1  * * 
25 29 
There was little difference between the three soups overall. 
Cooking Time: The longer cooking time had the effect of 
thickening the soup. This may be due to loss of water through 
evaporation. 
* 
* 
* 
* 
Straining: Straining improved mouth texture and appearance of the 
soup. Straining also produced a thinner textured soup with a less 
beany taste. 
RECOMMENDATION: 
Cook the soup for only 40 minutes. Do not strain the soup, it is 
not justified. Do not strain the soup as it increases cost and 
preparation time and reduces fibre content. 
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TRIAL D :  SALT LEVEL (Sodium Chloride) 
AIM : 
To determine the effects of using 1, 2 and 3 continental 
chicken stock cubes (� 1 +, v). 
BASIC INGREDIENTS : 
100g chopped carrot 
80g diced onion 
60g chopped celery 
lL water 
VARIATIONS : 
� 60g Day 1 continental chicken stock cube (800mg sodium) . 
+ 60g Day 2 continental chicken stock cubes (1600mg sodium) . 
v 60g Day 3 continental chicken stock cubes (2400mg sodium). 
METHOD: 
1. Pres sure cook the soup for required time, then puree . 
Table 23 
Results of Product Development : Trial Q (Average response) 
SOUPS Day 2 Day 2 Day 2 TABLE OF 
lcube 2cube 3cube CONTRASTS 
N=l8 
APPEARANCE (pleasantness) 
FLAVOUR PLEASANTNESS 
SWEETNESS (nil - very sweet) 
SALTINESS (nil - very salty) 
BEANINESS (nil - very beany) 
UNUSUAL FLAV (nil-very unusual) 
MOUTH TEXTURE (pleasantness) 
TEXTURE (far too thin-thick) 
OVERALL ACCEPTABILITY 
* Significant difference (O( : o-os'\ 
COMMENTS : 
q, 
21 
16 
21  
15 
26 
28 
19 
22 
16 
+ V cf,/+ cp/v +/v -- -- -
33 33 * * 
26 3 1  * * 
28 26 
20 23 * 
25 29 
24 22 
28 27 * * 
25 26 
27 30 * * 
One continental stock cube was perceived as being les s acceptable 
than 2 and 3 continental chicken stock cubes . 
Stock cubes: The more stock cubes the better the appearance, 
flavour, texture and acceptability of the soup. 
RECOMMENDATION : 
Use 2 continental stock cubes instead of 3, or try substituting 
continental stock cubes with ultra chicken s tock cubes which are 
low in salt (sodium chloride). 
85 
TRIAL E SALT LEVEL (Sodium Chloride) 
AIMS : 
1. To compare 3 continental chicken stock cubes (2400mg sodium) 
with 1 ultra chicken stock cube (195mg sodium, no animal 
content , MSG or artificial flavours) and 1 & 1/2 ultra stock 
cubes (292. 5mg sodium), (�, v, +). 
2. To ascertain whether the substitution of continental chicken 
cubes with Ultra stock cubes will improve the nutritional 
�ontent of the soup. 
BASIC INGREDIENTS : 
100g chopped carrot 
60g chopped celery 
VARIATIONS : 
80g diced onion 
lL water 
� 60g Day 2 sprouts with hull - 3 continental stock cubes 
v 60g Day 2 sprouts with hull - 1 & 1/2 Ultra stock cubes 
+ 60g Day 2 sprouts with hull - 1 Ultra stock cube (amount 
METHOD : 
recommended by manufacture) 
1. Pressure cook the soup for required time, then puree. 
Table 24 
Results of Product Development: Trial � (Average response) 
SOUPS Day 2 Day 2 Day 2 TABLE OF 
3cube l&l/ 2  lcube CONTRASTS 
cont ultra ultra 
N=2 1  � V + �/v 4>/+ v/+ -- -- -
APPEARANCE (pleasantness) 
FLAVOUR PLEASANTNESS 
SWEETNESS (nil - very sweet) 
SALTINESS (nil - very salty) 
BEANINESS (nil - very beany) 
UNUSUAL FLAV (nil-very unusual) 
MOUTH TEXTURE (pleasantness) 
TEXTURE (far too thin-thick) 
OVERALL ACCEPTABILITY 
* Significant difference (o<. :: o-(:)5\ 
COMMENTS 
31  31  32  
32 27 26 
22 27 25 
24 25 25 
29 22 30 * * 
24 26 24 
29 30 29 
26 17 26 * * 
28 27 30 
There was little difference between the three samples overall. 
Saltiness : The marked reduction in sodium (v & +) did not effect 
the saltiness detected. 
Nutrition :  The substitution of continental chicken stock cubes 
with ultra stock cubes reduced the sodium content. The use of 
ultra cubes also meant the soup contained no animal content, 
monosodium glutamate or artificial ingredients. 
RECOMMENDATIONS 
Use one ultra chicken stock cube instead of continental cubes for 
nutritional and flavour reasons. 
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TRIAL F :  ADDITIONAL INGREDIENTS 
AIMS: 
1. To determine the effects of adding lupin sprouts (v vs +). 
2. To determine the effects of adding vegetables to the lupin 
soup (<!> vs +) • 
BASIC INGREDIENTS : 
lL water 
VEGETABLES 
100g chopped carrot 
80g diced onion 
60g chopped celery 
VARIATIONS : 
� 1 ultra cube and 60g day 2 sprouts (no vegetables) 
+ 1 ultra cube and vegetables (no sprouts) 
v 1 ultra cube, 60g day 2 sprouts and vegetables 
METHOD : 
1. Pressure cook the soup for required time, then puree. 
Table 25 
Results of Product Development: Trial E (Average response) 
SOUPS stock stock stock TABLE OF 
N=18 
APPEARANCE (pleasantness) 
FLAVOUR PLEASANTNESS 
SWEETNESS (nil - very sweet) 
SALTINESS (nil - very salty) 
BEANINESS (nil - very beany) 
UNUSUAL FLAV (nil-very unusual) 
MOUTH TEXTURE (pleasantness) 
TEXTURE (far too thin-thick) 
OVERALL ACCEPTABILITY 
* Significant difference (o(_;- o-os\ 
COMMENTS: 
sprou no sp 
no ve veg 
� + 
19 26 
16 31  
21  27 
28 24 
20 18 
26 22 
25 28 
12 20 
17 28 
sprout CONTRASTS 
veg 
V �/+ �/v +/v -- -- -
27 * * 
25 * * 
23 
22 
30 * * 
25 
22 
27 * * * 
24 * * 
Overall the stock and vegetable soup and the stock, vegetable and 
sprouts soup were perceived as having a better appearance, a more 
pleasant flavour and higher overall acceptability than the stock 
and sprout soup. 
Sprouts : Sprouts added a beany flavour and texture to the soup. 
Vegetables : The vegetables enhance the appearance, flavour and 
texture of the soup, but did not mask the flavour of the sprouts. 
RECOMMENDATION: 
The use of vegetables is necessary for an acceptable soup, thus 
continue to use stock, sprouts and vegetables in the soup. 
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TRIAL G :  AGE OF SPROUTS 
AIM : 
To compare soups made with different aged sprouts ( �, v, +). 
BASIC INGREDIENTS : 
100g chopped carrot 
80g diced onion 
60g chopped celery 
lL water 
1 ultra chicken stock cube 
VARIATIONS : 
� 60g Day O sprouts (soaked for 24 hours) 
v 60g Day 2 sprouts 
+ 60g Day 6 sprouts 
METHOD : 
1. Pressure cook the soup for required time, then puree. 
Table 26 
Results of Product Development: Trial � (Average response) 
SOUPS Day 0 Day 2 Day 6 TABLE OF 
N=16 
APPEARANCE (pleasantness) 
FLAVOUR PLEASANTNESS 
SWEETNESS (nil - very sweet) 
SALTINESS (nil - very salty) 
BEANINESS (nil - very beany) 
UNUSUAL FLAV (nil-very unusual) 
MOUTH TEXTURE (pleasantness) 
TEXTURE (far too thin-thick) 
OVERALL ACCEPTABILITY 
* Significant difference (CJ...= o-os\ 
COMMENTS : 
cp 
31 
35 
29 
23 
22 
20 
30 
24 
34 
CONTRASTS 
V + p/v pi+ +/v -- -- -
28 25 
25 22 * * 
26 25 
21 20 
25 30 * * 
25 28 * 
27 27 
24 25 
27 23 * 
I 
Overal l  the soup made with the younger sprouts (day 0) was 
preferred over the soup made with the older sprouts (day 6). The 
soup made with the youngest sprout (day 0) was perceived as 
having a more pleasant flavour. The soup made with the oldest 
sprout (day 6) was perceived as having a beanier flavour than the 
soups made with the day O and day 2 sprouts. 
RECOMMENDATION : 
Use a linked experimental method to compare the kernel and the 
sprouts at the youngest ages, day O and day 1. 
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TRIAL H: AGE OF SPROUTS 
AIM: 
To determine if there are any perceived differences between 
soups made with different aged sprouts: kernel, day O and day 1 
( + ,  v,  o ) . 
BASIC INGREDIENTS: 
100g chopped carrot 
80g diced onion 
60g chopped celery 
lL water 
1 ultra chicken stock cube 
VARIATIONS: 
+ 24g Kernel 
v 60g Day O sprouts 
o 60g Day 1 sprouts 
METHOD: 
1. Pressure cook the soup for required time, then puree. 
Table 2:.1.. 
Results of Product Development: Trial R (Average response) 
SOUPS Kernel Day 0 Day 1 TABLE OF 
CONTRASTS 
N=25 
APPEARANCE (pleasantness) 
FLAVOUR PLEASANTNESS 
SWEETNESS (nil - very sweet) 
SALTINESS (nil - very salty) 
BEANINESS (nil - very beany) 
UNUSUAL FLAV (nil-very unusual) 
MOUTH TEXTURE (pleasantness) 
TEXTURE (far too thin-thick) 
OVERALL ACCEPTABILITY 
* Significant difference {0<. :: o. OS) 
COMMENTS: 
+ 
36 
34 
26 
21 
22 
19 
32 
27 
34 
V q, +/v +/et, v/4> -- -- -
32 21 * * 
33 24 * * 
24 23 
21 21 
23 26 
21 26 
30 24 * * 
22 19 * * 
31 25 * * 
There was little difference overall between soups made with the 
kernel and the day O sprouts. The soup made with the day 1 
sprouts was perceived as having a less pleasant appearance, 
flavour, mouth texture and overall acceptability than the soups 
made with the kernel and day O sprouts. 
RECOMMENDATION: 
Lupin sprouts are not highly acceptable as an ingredient in a 
soup. The lupin kernel soup is more acceptable. If lupin sprouts 
are to be used in a soup, day O sprouts (the kernel soaked for 
24h) are most acceptable . 
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TRIAL I: FRESH VS FROZEN 
AIMS: 
1. To determine if moisture stress effected the taste of the soup 
by comparing sprouts germinated in the Micro Malter and those 
sprouted domestically, fresh < 1  vs v/+). 
2. To determine effects of freezing on the soup, by comparing 
fresh and frozen sprouts. (+ vs v). 
BASIC INGREDIENTS: 
100g chopped carrot 
80g diced onion 
1 ultra chicken stock cube 
VARIATIONS: 
60g 
lL 
chopped celery 
water 
� 60g Day 6 sprouts - frozen micro malter 
v 60g Day 6 sprouts - frozen home 
+ 60g Day 6 sprouts - fresh home 
METHOD: 
1. Pressure cook the soup for required time, then puree. 
Table 28 
Results of Product Development: Trial I (Average response) 
SOUPS Day 6 Day 6 Day 6 TABLE OF 
N=20 
APPEARANCE (pleasantness) 
FLAVOUR PLEASANTNESS 
SWEETNESS (nil - very sweet) 
SALTINESS (nil - very salty) 
BEANINESS (nil - very beany) 
UNUSUAL FLAV (nil-very unusual) 
MOUTH TEXTURE (pleasantness) 
TEXTURE (far too thin-thick) 
OVERALL ACCEPTABILITY 
* Significant Difference ( OL::: o-os\ 
COMMENTS: 
Micro 
Malt 
� 
25 
27 
25 
22 
3 3  
28 
23 
25 
21 
Fresh Fresh CONTRASTS 
Froze 
V + �/v �/+ v/+  -- -- -
31 34 * * 
3 2  28 
28 26 
20 16 
27 3 2  * 
20 22 
30 25 * 
24 24 
30 26 * 
Sprouting Method : The sprouts germinated domestically were 
perceived as having a more pleasant flavour and mouth texture 
than the sprouts germinated in the micro malter. The fresh 
sprouts were also perceived as being less beany than the micro 
malter sprouts. 
Fresh vs Frozen : There was no significant difference in the soups 
made with the fresh day 6 sprouts or the frozen day 6 sprout. 
Freezing does not appear to effect the characteristics of the 
soup. 
RECOMMENDATION: 
To compare a soup made using freshly germinated sprouts with a 
soup made using lupin kernel. 
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TRIAL J :  KERNEL VS SPROUT 
AIM : 
To compare the lupin kernel with the day 6 domestically 
germinated sprout . 
BASIC INGREDIENTS : 
1 00g chopped carrot 
80g  diced on ion 
60g chopped celery 
lL  water 
1 ult ra chicken stock cube 
VARIATIONS : 
<f> 2 5g kernel 
v 60g Day 6 sprouts - frozen home 
METHOD: 
1 .  P res sure cook the soup for requ ired time , then puree . 
Table 2 9  
Results of Product Development : Trial � (Average response )  
SOUPS Kernel Day 6 TABLE OF 
Fresh CONTRASTS 
Fro zen 
N=15  � V cj) VS V 
APPEARANCE (pleasantnes s )  3 3  34  
FLAVOUR PLEASANTNESS 3 6  3 1  
SWEETNESS  ( nil  - very sweet ) 2 7  2 1  
SALTINESS (nil - very salty ) 2 5  1 9  
BEANINESS (nil  - very beany)  2 8  2 6  
UNUSUAL FLAV (ni l-very unusua l )  2 1  2 0  
MOUTH TEXTURE (pleasantness ) 3 2  2 8  
TEXTURE ( far too thin-thick)  2 8  2 0  * 
OVERALL ACCEPTABILITY 3 5  3 0  
COMMENTS : 
There was little di fference between the kernel and the day 6 
lupin sprout . The only sign ificant di fference wa s in texture . The 
lupin kernel soup was thicker than the lupin sprout soup . 
RECOMMENDATION : 
To use the lupin kerne l for the final soup rec ipe as it is  
cheaper and les s times consuming to use  the kernel . Th is may not 
be the case  if the problems experienced with sprouting can be 
overcome . There is however no acces s to the Micro Ma lter this 
year to germinate more seeds . 
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5.9 RESULTS 
PRESENCE OF THE HULL 
The various trials indicated that the presence of the 
hull (fibrous seed coat) appeared to add some flavour to the 
soup. The taste panel found the grainy texture that the hull 
gave to the soup is acceptable. Leaving the hull on the 
sprouts and not straining the cooked soup is also more 
economical and less time consuming, therefore it was decided 
to cook the sprout with the hull on and not strain the soup. 
COOKING TIME 
A number of trials that involved cooking the lupin soup 
for different lengths of time indicated that the soup needed 
to be cooked for 40 minutes. Cooking the soup for less time 
did not soften the hull enough, and cooking for longer made 
no difference in terms of eating quality and therefore was 
not justified. 
INGREDIENTS 
The minimal basic (vegetable) ingredients added to the 
soup were necessary to make an acceptable soup as consumers 
are u s ed t o  vegetable based s o u p s  with a number of  
ingredients. Sprouts and  stock alone did not make an  
acceptable soup. 
Sodium level could be reduced by using one Ultra low 
salt chicken stock cube, which contains only 195mg sodium 
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instead of 3 continental chicken stock cubes containing 
240 0 mg of sodium. The Ultra stock cubes also have no 
monosodium glutamate, no animal content, and no artificial 
flavours or colours. The reduction of stock cubes also 
reduced the possibility of masking the taste of lupins. 
The use of one Ultra stock cube was recommended. 
AGE OF THE SPROUT 
Soups made with t h e  y ounger  lupin sprouts were 
preferred over the soups made with the older lupin sprouts. 
It was expected that the older sprout would make a more 
acceptable sprout, as the older sprouts should be sweeter 
and less bitter due to the lower alkaloid content. This 
unexpected result may be due to the moisture stress that 
occurred during the sprouting process. 
FRESH VS FROZEN SPROUT 
A trial comparing the soup made with fresh and frozen 
sprouts suggested there was no difference in the soups; thus 
freezing did not affect the flavour prope rties of the 
sprouts and it is acceptable to freeze the sprouts prior to 
making the soup. 
KERNEL VS SPROUT 
The trials indicated that the lupin kernel soup was 
preferred to soups made with the sprouts, therefore the 
lupin kernel was chosen to be used in the final soup recipe. 
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MICRO MALTER SPROUT VS DOMESTICALLY GERMINATED SPROUTS 
Due to the possibility that the sprouts germinated in 
th� Micro Malter may have suffered moisture stress, a soup 
trial was completed so that Micro Malter sprouts could be 
compared with those sprouts germinated domestically. The 
results indicated that the soup made with the domestically 
germinated sprouts was more acceptable than the soup made 
with the Micro Malter sprouts. It therefore appears that the 
moisture stress that occurred in the Micro Malter sprouts 
may have adversely effected the taste of the sprouts. 
The soup made with the domestically germinated sprouts 
when compared to the lupin kernel soup was found to be at 
least as acceptable. 
5. 10 SUMMARY 
After considering all the results from the soup trials, 
the recipe (shown below) was chosen as the final soup. I t  
was felt that the lupin kernel made an acceptable soup and 
that it would be suitable for consumers to sample. The final 
soup recipe was used in part 3 for the Consumer Research 
Study. 
Soybean soup was chosen as the most suitable comparison 
for lupin soup due to soybeans similar chemical, physical 
and sensory characteristics. I n  marketing terms, lupin is 
also seen to be an alternative to soybean as a source of 
vegetable protein. 
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5. 11 LUPIN SOUP RECIPE 
100g carrot 
80g onion 
60g celery 
25g LUPIN KERNEL 
1 L water 
1 Ultra chicken stock cube 
1. Place all ingredients into a pressure cooker and bring 
up to pressure, then decrease the temperature to the 
lowest setting and cook for 40 minutes. 
2. When cooked puree until smooth. 
5. 12 SOYBEAN SOUP RECIPE 
100g carrot 
80g onion 
60g celery 
25g SOYBEAN KERNEL 
1 L water 
1 Ultra chicken stock cube 
1. Place all ingredients into a pressure cooker and bring 
up to pressure, then decrease the temperature to the 
lowest setting and cook for 40 minutes. 
2. When cooked puree until smooth. 
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6. 0 PART 3: CONSUMER RESEARCH STUDY 
This study involved further development of the lupin 
soup as produced in part 2. The developed product was used 
i n  conjunction w ith an attitudinal study to investigate 
consumers acceptance of the soup and their attitudes towards 
the use of lupin as a food ingredient. 
6. 1 LOCATION 
The M idland Gate shopp ing  centre was chosen as the 
location for surveying as they were conducting a Grains Expo 
which attracted a number of shoppers. A display was set up 
to attract shoppers to the soup tasting section of the Expo 
(see appendix G). 
6. 2 SUBJECTS 
The sub j ects were a non-probabil ity based sample of 
shoppers from Midland Gate shopping centre. This shopping 
centre services a mixed population of socio-economic groups, 
including a large proportion of shoppers from rural areas. 
6. 3 TEST INSTRUMENT 
A questionnaire was designed to prov ide sensory and 
attitudinal data on the use of lupin as a human food. 
The instrument was p i lot-tested and assessed by an 
expert in the area of scaling and measurement. 
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6. 4 MARKET SURVEY QUESTIONNAIRE 
Number 
Age (est) 
Gender M/F 
Where were you raised? City / Country 
1. Would you please try these two soups and tell me which one you 
prefer? + or v 
2. If I told you that this soup contained soy (lupin) beans, how 
likely would you be to buy it ? 
Sample + 
Sample v 
Would not buy at all 
1 2 3 4 
1 2 3 4 
5 
5 
6 
6 
Definitely would buy 
7 8 9 
7 8 9 
3. Many foods on the market contain added ingredients such as soy 
and lupin beans. How do you feel about these food containing 
soy or lupin beans? 
Much less likely to try 
1 2 3 4 5 6 
Much more likely to try 
7 8 9 -------------------------------------------------
SOYBEAN LUPIN -------------------------------------------------
HAMBURGER 
MILK 
SOUP 
PASTA 
4. In your opinion, what is the effect of adding soy or lupin to 
a food product in terms of . . . .  (card) 
TASTE: 
Much 
1 
1 NUTRITION : 
COST: 1 
worse 
2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
Much 
8 
8 
8 
better 
9 
9 
9 
5. Did you know that lupins are high in protein and fibre, low 
in fat and have cholesterol lowering properties? YES/NO 
6. To what extent would you be likely to buy foods containing 
lupins now that you know more about their health value? 
No change. 
1 2 3 4 5 
Much more likely to buy 
6 7 8 9 
7. Had you heard of lupins before today? YES / NO / NOT SURE 
If yes, do you remember where you first heard of them? 
Comments 
8. What do you think of the name lupin? POS / NEG / NONE 
Comments 
9. Is lupin a good name for a food product ? POS / NEG / NONE 
Comments 
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6. 5 DESIGN 
The study involved asking respondents to sample the 
developed soup product (without being informed of its 
ingredients) then requesting them to respond to a series 
questions asked by the interviewer. A number of interviewers 
were employed to conduct the interviews. 
6. 6 DATA ANALYSIS 
Quantitative data were statistically analysed using the 
Minitab statistical package. 
Qualitative data were pre-coded where possible prior to 
conducting the interviews to allow responses to be directly 
comparable. 
The results were reported in a standard written format. 
Tables and graphs were used where necessary. 
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6 . 7  RESULTS OF THE MIDLAND GATE MARKET SURVEY 
6 . 7 . 1  DEMOGRAPHIC DETAILS 
There were 524 respondents sampled from Midland Gate 
shopping centre. The respondents sampled were mostly in the 
older age bracket (see Figure 18). The average age of 
respondents was 47 years. 
FREQUENCY 
100 .-----------------------------, 
80 ------- ---- -- -- - -- ----- ·--- -- --------! 
80 --------------- ----- -i--- --------t 
40 ------ -------- --- -·->--·---�-------- - -----! 
20 1-----·-+---+--+--+--+---+--+-t-�--t--t•-- ------t 
0 L....---L-" _.._l __,_.____._____.__.___,________,._______.__......____.____,___.l'--...___l _ ___, 
0 20 40 60 80 
AGE OF RESPONDENTS 
Figure 1.§.. Age distribution of respondents 
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More females (65%) than males (35%) were interviewed, 
this is likely to be because more females do the household 
weekday shopping than males. There was no marked difference 
between male and female responses to any of the questions 
asked. A relatively even distribution of respondents raised 
in the city (46%) and country (49%) were represented in the 
sample (see Figure 19). There was also no marked difference 
between responses of those respondents raised in the city 
and country to any of the question asked. 
60 ----
40 
20 --
-
l
t 0 '---i:;;.''•'.;:;:······;;;:;::,•,;:;:;,•,•,•, 
-------------- ---- --1 
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GENDER WHERE RAISED 
DEMOGRAPHIC DETAILS 
l::::;:::::::j MALE - FEMALE f:::::4 OTY CJ COUNTRY - BOTH 
Figure .J..2. Demographic details of respondent s 
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6.7.2 PREFERENCE TEST FOR LUPIN AND SOYBEAN SOUP 
In question one , respondent s were asked to try the two 
unident i fied soups marked + and v, and state which soup they 
preferred . I f  respondents asked about the soups they were 
informed that they were vegetable based soups with some 
legumes added and that there was no animal content . 
LUPIN SOUP 
SOY BEAN SOUP 
BOTH SOUPS 
0 10 20 30 40 50 
% RESPONDENTS 
F igure 2 0 . Soup preference 
RESULTS 
i 
I 
I 
I 
I 
I 
i 
I 
I 
! 
I 
i 
; 
i 
i 
i 
! 
! 
I 
60 70 
The lupin soup ( 5 8 % ) was markedly preferred over the 
soybean s oup ( 35% ) . It appears that respondent s found the 
taste of lupin soup acceptable , even though they were 
unfamil iar with the taste of lupins ( see F igure 2 0 ) . It 
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seems that in terms of sensory characteristics alone , the 
addit ion of lupin kernel actually is  superior to the effects 
of adding the same amount of soybean kernel . 
6.7.3 LIKELIHOOD OF BUYING THE SOUPS 
In question two the respondents were then told that the 
soup marked + contained lupins and the sample marked v 
contained soybeans .  Respondent s were then asked to indicate 
if they wou ld be l ike ly to buy either of the soups if they 
were on the market at a reasonable price . Responses 
were indicated by rat ing the soups on a scale of 1 (would 
not buy at all )  to 9 (definitely would buy ) . 
SAMPLE + LUPIN SOUP 
WOULD NOT BUY AT ALL 
1 2 3 4 
SAMPLE v SOYBEAN SOUP 
WOULD NOT BUY AT ALL 
1 2 3 4 
5 
5 
DEF I N ITELY WOULD BUY 
6 7 *  B 9 
DEF I N ITELY WOULD BUY 
6 * 7  B 9 
Figure 2..1. Likel ihood of buying lupin and soybean soup 
( *  Mean s core) 
RESULTS 
The average response for the lupin soup was 7 . 1  and 6 . 8  
for the soybean soup ( see F igure 2 1 ) . The results were very 
s imilar for both soups . The results were on the high end of 
the scale indicat ing that consumers would be l ikely to buy 
either of the s oups if they were on the market at a 
reasonable price . It appears that respondent s found the 
1 0 2  
lupin soup to be at least as acceptable as the soybean soup 
even when told the soup contained lupin. 
6. 7. 4 ACCEPTANCE OF OTHER FOODS THAT MAY CONTAIN 
SOYBEAN OR LUPIN 
Question three involved asking respondents if they 
would try hamburgers, milk, soup and pasta, if they knew 
they contained soybean or lupin as an ingredient. Hamburgers 
and milk are foods already on the market which frequently 
contain soybean, while soup and pasta are foods that do not 
generally contain soybean. Respondents were asked to rate 
their responses on a scale of l (would not try at all) to 9 
(definitely would try). 
MEAN ON SCALE 1-9 
9 ;..:.=:____:__:_.:..._ _________________ ---, 
8 
1 -------�--------
6 
5 
4 
3 
2 
1 
HAMBURGER MILK 
FOOD 
SOUP 
- SOYBEAN - LUPIN 
0 • MUCH LESS LIKELY TO TRY 
g • MUCH MORE LIKELY TO TRY 
PASTA 
Figure 22_. Acceptance of other foods containing lupin and 
soybean 
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RESULTS 
Respondents rated hamburgers, pasta and soup on the 
higher end of the scale (see Figure 22). The soup (lupin 7. 3 
and soybean 7. 0) and the pasta (lupin 6. 7 and soybean 6. 7) 
were the foods that respondents would most likely try. They 
were less likely to try the hamburgers (lupin 5. 9 and 
soybean 5. 9) or the milks (lupin 5. 1 and soybean 4. 9). 
Al l the foods containing lupin were rated similarly to 
the foods containing soybean. This indicates that lupin is 
at least as acceptable as soybean as a food ingredient. 
The respondents attitudes towards lupin appears to indicate 
that they found lupin acceptable in the developed lupin soup 
when they tried it, and therefore they feel it would be 
acceptable in other developed food products, especially 
pasta. This suggests that lupin could be incorporated in 
other foods as a known ingredient and that there is no need 
to disguise its presence. 
6. 7. 5 THE EFFECT OF LUPIN ON TASTE, NUTRITION AND COST 
Question four involved asking respondents what they 
felt the effect of adding lupin to foods would have on the 
taste, nutrition and cost of a food product. 
It was expected that respondents would feel that lupins 
would make a food product taste worse as they are unfamiliar 
with the use of lupin in foods for human consumption. In 
terms of nutrition, it was expected that respondents would 
feel that lupins will make a product more nutritious as 
legumes and grains are generally associated with good 
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health. It was also expected that respondents would feel 
that lupin will make a food product more expensive 
(much worse) as consumers usually perceive a new food 
product as adding cost to a food item. 
Respondents were asked to rate their answers on a scale 
of 1 (much worse) to 9 (much better). 
TASTE 
MUCH WORSE MUCH BETTER 
1 2 3 4 5 6 *7  B g 
NUTRITION 
MUCH WORSE MUCH BETTER 
1 2 3 4 5 6 7* H 9 
COST 
MUCH WORSE MUCH BETTER 
(Deorer) (Cheoper) 
1 2 3 4 5 6 7 H 9 
* 
Figure 23. Effect of lupin on taste, nutrition and cost (* 
Mean score) 
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RESULTS 
The responses were very positive in that most 
respondents rated lupin highly on all questions. The average 
response for the effect of lupin on taste was 6. 8, on 
nutrition 7. 3 and on cost 6 (see Figure 23). It appears that 
respondents felt that adding lupin to a food product would 
make it tastier ,  more nutritious and cost slightly less. 
These results indicate that the addition of lupin to foods 
is likely to be seen as positive by consumers. 
6. 7. 6 KNOWLEDGE OF NUTRITIONAL PROPERTIES OF LUPIN 
Question five involved asking respondents if they were 
aware of the health properties of lupins: that lupins are 
high in protein and fibre and low in fat and have 
cholesterol-lowering properties. It was expected that very 
few, if any, respondents would be aware of the health value 
of lupins, especially because very little published work has 
been completed on the cholesterol-lowering properties of 
lupins (Evans et al. , 1990). 
RESULTS 
Results showed that 41% of respondents said that they 
were aware of the nutritional properties of lupins. This 
result is questionable. It is likely that some respondents 
were aware of some of the nutritional properties of lupins 
due to their associations with lupins on the farms, however 
---- - -- ------ -ro-0------- ------ ------ --- - -- ----
very few, if any respondents would have been aware of the 
cholesterol-lowering properties. It is also possible that 
some respondents just answered yes to the question to appear 
knowledgeable. 
6 . 7. 7 EFFECT OF HEALTH VALUE ON ATTITUDES TOWARD LUPINS 
In question six , respondents were asked if the health 
value of lupins, as stated in question five, would influence 
them when buying a food that had lupin as an ingredient. It 
was expected that an awareness of the health value of lupins 
would increase the likelihood of respondents buying a food 
product which contained lupin, due to the increasing 
consumer awareness of the importance of good nutrition. 
The respondents were asked to rate their answers on a 
scale on 1 (no change) to 9 (more likely to buy). 
No Change 
, 2 3 4 5 
Much more likely to buy 
6 7 * 8 9 
Figure £1_. Effect of lupins nutritional properties on 
consumers ' buying behaviour 
( * Mean score) 
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RESULTS 
The average response 7. 6, was on the high end on the 
scale (see Figure 24). It appears that the stated 
nutritional properties of lupin would certainly encourage 
consumers to buy a product containing lupin, and that the 
health value of lupins could be used as a marketing tool 
when promoting lupins. 
6.7.8 AWARENESS OF THE NAME LUPIN 
Question seven asked respondent s if they had heard of 
lupins before, and if so where. It is expected that a lot of 
West Australians would have heard of lupins as they are a 
significant primary product in Western Australia being 
second only to wheat in terms of acreage and crop value. 
HEARD OF NAME LUPN 
POSITIVE NAME 
POSIT IVE FOOD NAME 
0 20 40 60 80 
% RESPONDENTS 
100 
Figure 25. Whether respondents had heard of lupin and their 
attitude towards the name lupin 
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Table 30 
Where Respondent s had Heard of the Name Lupin 
WHERE THEY HEARD OF LUPINS NO. OF RESPONDENTS 
Seen growing on Farms 138 
As Animal Feed 57 
Lupins Grower 47 
Promotion Activities 33  
Seen the Flower 21 
Grow at Horne 14 
Plant put s nitrogen into soil 14 
Country Women ' s  Association 9 
Other Countries (Italy, N. Z. , Africa) 9 
Weed 1 
RESULTS 
The majority of respondent s (85%) had heard of lupins 
before. Most had seen lupins growing in the country or been 
involved in growing them (see Table 30 and Figure 25). 
6.7. 9 ATTITUDES TOWARD THE NAME LUPIN 
Respondents were asked two questions (eight and nine) about 
the name lupin. Firstly they were asked if they thought the 
name was positive or negative and secondly, asked if they 
thought the name lupin was positive or negative for a food 
product. It was expected that many respondents may feel the 
name lupin is negative due to it s traditional association 
with animal feed. 
Respondent s were also asked to suggest a suitable 
alternative name for lupins if pos sible. 
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Table 3 1  
Why Respondents Felt the Name Lup in was Posit ive Qi;: Negat ive 
NEGATIVE Number 
Animal Feed 26 
Weed 5 
Doesn ' t  sound like a food 4 
Flower not a food 4 
D isease 3 
Not use to it 2 
City folk wouldn ' t  like 2 
Sounds Asian 1 
Sounds French 1 
Sounds like a bug 1 
RESULTS 
POSITIVE 
Good for animals 
Common name 
Good for soil 
Easy to remember 
Beaut iful plant 
Number 
16 
4 
3 
2 
1 
The name lupin was seen as slightly more posit ive (59%) 
than negat ive (19%), with many respondents neutral. This 
result supported findings by Zweck (1988, p. 21) who also 
found that 59% of respondents thought the name lupin was 
positive. 
Those respondents who did comment on why they thought 
it was negative, said so because of its associat ion with 
animal feed. Those that thought it was posit ive believed if 
lupins were good enough for animals, they were good enough 
for humans too ; or if an animal will eat them they must be 
good. 
The na�e lupin was seen as more posit ive for a food 
product (7 1%) than negat ive (22%). This is a very favourable 
result and appears to indicate that the name lupin is a 
suitable name for a food ingredient. This result differs 
from Zweck (1988, p. 21) who found that only 49% of 
respondents thought the name lupin was posit ive for a food 
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product. This suggests that consumers attitudes towards 
lupin may have changed as lupins have become more well 
known. 
Very few respondents suggested an alternative name for 
lupin. Table 32  shows those name which were suggested and 
some comments on what the name should be like. 
Table 32  
Alternative Names For Lupin 
Nipul (lupin backwards) 
Loopy 
Lupini 
Lupino 
Lupea 
Lupinosis 
Ground beans 
COMMENTS : 
Pea name 
Healthy name 
Name with lupin in it 
Something catchy 
1 1 1  
6. 8 SUMMARY 
The results of the Midland Gate Market Survey were very 
positive. Respondents indicated a marked preference for the 
lupin soup and that they would be just as l ikely to buy the 
lupin soup if it was on the market as they would a soybean 
soup. This is a very favourable result as respondents would 
not be as familiar with the taste of lupin, yet they did not 
appear to find it unacceptable. 
Respondents indicated that they would not only try the 
lupin soup, but that they would at least be as likely to try 
other foods such as hamburgers, milk  and pasta if they 
contained lupin, as they would if they contained soybean. 
It  was a lso genera l ly felt that the e ffect of lupin as 
a food ingredient would be to make the food product taste 
better, more nutritious and cost less . 
Some respondents indicated they were aware of the 
health va lue of lupins : that they are high in protein and 
fibre, low in fat and have cholesterol- lowering properties. 
Although this result is questionable (as few people are 
aware of lupins cholesterol - lowering properties) the results 
indicate if  respondents were aware of lupins health value 
they would be more like ly to buy a food product that 
contained lupin. 
Most respondents had heard of lupins before, mainly by 
seeing them growing on farms or from being involved in 
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growing lupins. Respondents were reasonably evenly weighted 
in terms of whether they thought the name lupin had positive 
or negative connotations. Those respondents who did comment 
on why they felt the name lupin was negative stated it was 
because of the association of lupin to animal feed. However, 
the association of lupin to animals was also seen by some 
respondents as positive. They felt that if animals would eat 
lupins and if lupins were good for animals then lupins must 
be suitable for humans. 
The name lupin was perceived as being more posit ive as 
a name for a food ingredient. It seems that there is no real 
risk in making known the inclusion of lupin in any food 
product. 
It could be concluded that it would be acceptable to 
use the name lupin for a food ingredient used for human 
consumption as respondents' attitudes toward lupin are 
generally positive. It also appears that it would be 
acceptable to state that a food product contained lupin, as 
respondents felt incorporating lupin would improve the 
taste, nutritional value and lower the cost of a food 
product. When� promoting lupins the health value of lupins 
could be used as a positive marketing strategy. 
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7.0 CONCLUSIONS 
The results of this study show that an acceptable food 
can be made using lupin kernel as a significant ingredient. 
The lupin kernel soup which was developed through the 
use of sensory evaluation techniques was judged to be , in 
sensory terms, more acceptable than a vegetable soup 
incorporating a similar amount of soybean kernel. 
The preference for the lupin soup also applied when the 
consumers were told of the presence of lupin in the soup. 
The results of the Consumer Research component of the study , 
clearly suggest that many consumers felt that the 
incorporation of lupin would be likely to make a food 
tastier and more nutritious . .  
A marketing message which stated that lupin had certain 
potential health benefits such as cholesterol-lowering 
properties, was found to be likely to have a positive effect 
on buying potential. 
Generally the attitudes of consumers were positive 
towards the use of lupin as a food ingredient with little 
evidence of consumer resistance. The known association of 
lupin with animal food did not have any discernible negative 
effects on consumer attitudes. These results applied to both 
city and country raised consumers and were independent of 
the gender of respondents. 
As well as showing that a satisfactory food can be 
developed using lupin as an ingredient, the study also 
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included a detailed analysis of the biochemical changes 
which occurred during the germination of lupin sprouts. 
It was clear from the results that there were marked 
biochemical changes taking place during the 6 days of 
germination. 
The early stages of germination, including the initial 
soaking of the kernel, produced a number of changes which 
indicated increases in protein and polysaccharides and a 
reduction in fat and the antinutrients, oligosaccharides and 
alkaloids. 
Evidence relating to biochemical changes occurring 
during the later stages of germination was less clear due to 
technical problems experienced with the use of automatic 
sprouting equipment. The commercial Micro Malter apparatus 
is usually used for the sprouting of barley and a lack of 
experience with its use for lupin resulted in the production 
of a sprout which was affected by moisture stress. 
This is believed to have altered the quality of the 
developed sprout and therefore influenced the results of 
both the biochemical assays and an attempt to conduct a 
sensory analysis of the effects of the biochemical changes 
which take pl�ce during germination. 
It would be seen from these findings that there is a 
considerable value in conducting biochemical assays on good 
quality sprouts which have been germinated under commercial 
growing conditions rather than by using more laboratory 
centred techniques. This would assist in transferring data 
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gathered directly to the process of commercial food 
production. 
Similarly there seems to be virtue in persevering with 
the attempt to identify the sensory effects of the 
biochemical changes taking place during germination. There 
does not appear to have been a serious attempt to do this 
previously and if successful this approach would add greatly 
to the pool of scientific data about the effectscts of 
germinating legumes. It could also help developing food 
products using both lupin kernel and lupin sprout. 
The results of this study would appear to add to 
existing knowledge in the area and could well lead to the 
development of foods suitable for incorporation both in 
Australia and in off-shore markets. 
1 1 6  
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l o w e r' m n i s t u r p  v ,3 l u �., ,c; ,3 �;:; s o n1 e  w ,3 t· e r  i s  r e - a b s o r b e d  rl 1 1 r i n g 
G o n l ·i n g i r. t h e rl e s i c c: R t o 1� . T f  c r' 1 1 c ·i h l e '.3 ;e1 r e  u s e d , k e e p t he 
c o o l i n g  o e r i od t o  .3 11) ·i n i rn 1 1 m , o r  c o v e r' t h e c r u G i b l e ,3 1<1 i t h  
l i d s  d u r i n g t h e c n n l i n g . 
7 4 I f l a r g e r d i s h e  s ,3 r f., u s e. <:4 , ,-:; ,3 rn p l e w e  i g h t' s o f  S - 1 0 g m a y  b e  
t a k e n  w e i g h e d  t o  t h e n e a r e s t  1 m g .  
7 . S C l, e c k  t- h ,3 t t h e v s n t ,=i t t h 0> t o p  o f  t h e o v e n  i s  f u l l y  o p e n , 
a n d  t h -, t  t h e t h e r rr, o m e t e r  b 1 1 l b p r o t- r" U d P s  a t  l e a s t  3 c m  i n t o  
t h e m a i n  h o d y  o f  t h e o v e n  
8 R F F E R F N C F S  - A C L  M E T H O O  A N D I N F O R M A T I O N S H E E T S  
8 . 2 M o i s t u r e  d e t e r m i n a t i o n ( M O T � T T N F . I N F )  
R .  3 D e s i c c ,J t o r s  .ci n d  ci p ,:=; i c c a n t· ,3 ( D E S T C C . T N F )  
[ 1 2 0 , 2 0 5 J M O T S T M F T  
P r e p a r a t i o n of c o l ou r  s o l u t i o n s . 
7 , 5 T r a n s f e r  s o l u t i o n s  f r om 7 2 a n d  7 4 t o  1 5  m l  c en t r i f u g e  t u be s  a n d  
c e n t r i f u g e  a t  3 0 0 0  r pm f o r  1 5  m i n u t es . T r a n s f e r  1 m l  o f  ext r a c t s  
a n d  a p p r o n r i a t D  s t a n d a r d s  i n t o  3 0  m l  t u bes T h e  s t a n d a r d  b l a n k  i s  
� l s o  t he s a � p l e  o r  r e a g e n t  b l a n k ;  s e e  4 4 4 , 6 
"" F. I . '· A d d  1 0  � l  r e a g e n t  4 . 2 r a o i d
1 y 
s t o p pe r i n g a n d  s ha k � � g 
t 1 .1 bes bef o r e  ..:1 r11 rn e d.  i a t e l y 
7 F: �. -f t e r  -� ? m i n u t e s . i""' efT'O\/P  .� � ;  t u bes s i ;-n t...: ! t a n e o u �s l :,-/ f � o� t he ha t h  
,3 0 d  p l a c e  i n  c o l d wa t e r . C o o l  f o ,� 1 5 rr1 -i n u t es . 
'7 (' ' ' ·  . I �emove t h e b a t c h  f r om t he s i n k  a n d  d r y  e a c h t L1 be . B r i ef l y  r emove 
e .3 c n  s t o p p e r  to  r e l e .3 s e  t r a ;.i ped  l i q u i d  t h e n s ha ke ea c h  t 1 : be 
S pec t r o p ho t omet - y  ( � n T F  9 3 ) . 
7 1 0  T he c o l ou r ed s o l u t i on s  a � e  v i s c o u s  a n d  t he f o l l ow i n g  t ec hn i q u e  
Y: !._J s t  b e  u s e ci w i t h  t he -� l ow - t h r ou g �  c e l l o n  t h e S P 6 -; 
7 1 1 
' '. I Set t he z e r o  on C l  w a t e r  
7 1 2 F l u s h  o n e  c yc l e  o f  R e f.'l g er, t  4 9 t h r ou rJ h  t he c e l l 
7 1 3  S t a r t i n g w i t h  t he e t h a n o l i c  s t a n d a r d s  b l a n k ,  i n s e r t  t he o r o be 
i n t o t he s o  hi t i o n  a n d ·1 e f.' v e ·i t t he r e  w h i  l e t h e  f l ow- t h r o u g h c e l 1 
i s  s e n t  t- h 1� ou g h  r e pe ;;i t ed c yc l e s o f  ' u p t ,3 k e ' ,:'l n d  ' em p t �, , . U no n  t h i:> 
t h i r d  o r  f ou r t h  u pt a k e i t  s hou l d  be f o u n d  t ha t  t he d i s p l a y ed  
r ea d i n g i s  s t a b l e  a n d  not  rn o r e  t ha n  0 0 5  d i f f e r e�t f r om t ha t  
s hown a f t e r  t he p r ev i o u s  u p t a k e . 
7 1 4  F l u s h  o n e  c yc l e  o f  Rea g e n t  4 . 9  t h r ou g h t he c e l l 
7 . 1 5 R e pe a t  t he a b ove s t e ps f o r  
e t h a n o l i c  s a m p l e s o l u t i on 
e a c h e t h a n o l i c  s t a n d a r d , t hen e f.'l c h  
t he n  e a c h e t h a n o l i c  s t a � d a r d  a g a i n . 
Re a d  t he p e r c h l o r i c  a c i d  s t a n d a r d s  a n d  s a m p l e s  i n  t he s a rne w a y  
8 C A L C U !  A T ! ON AN D R E PO R T I N G  F O RMAT  
R Ave r a g e  ' s t a r t ' a n d  ' en d ' a bs o r b a n c e s  f o r  e a c h s e t  o�  s t a n d a r d s  
8 ? C ,3 1 c u l a t- e p e r c f" n t g l u c o s e , o r e q 1. 1 i v ,3 l en t- i n s a rn p l e e >< t r a c t s u s i n g 
l ·i n e a r  r eg r e s s -'; on , r -s q u a r ed f o r  s t a n d f.'l r d s  mu s t  be a t  l e;::, s t  O 9 9 9  
8 . 3  C a l c l 1 l a t e  t he s t a n d a r d s % i n  s o l u t i o n R ec o r d  t he p e r cen t e r r o r s  
T h e  M e a r  o f  U n s � g n ed E r r o r s  ( �U E )  s hou l d  b e  l es s  t h a n  3 % . 
8 4 C a l c u l a t e % s u g e � s o r Q O  l �,1s a c c  h .3. r i d e s  i n  
% ro 1 y s a c c he r � d es a s  c l u c o s e  = % i n s o l n  
s a m p l e s  
' 1 .3 5 08 , ow · 
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PLANT ANALYSIS 
TENTATIVE METHOD 
FATI'Y ACI DS IN OILS AND FEEDING STUFFS USING AN INTERNAL STANDARD. 
SUMMARY 
The fatty acid glycerides  are extracted with petroleum ether and quanti fied using 
an internal standard and the HP5 880A Cap . GLC. 
APPLICATION 
This method is  used when the full fatty acid composition is  not requi red or 
where percentage of a parti cular fatty acid , e . g .  linoleic acid ,  in an oil or 
feeding stuff is  required .  
REAGENTS . 
1 .  Caustic methanol , O . SM .  Dissolve l g  of NaOH i n  SOmL of MeOH . 
2 .  m Boron tri fluoride in methanol , approx . 14% /v . 
( see SAFETY NOTE ) . 
Avai lable commercially 
3 .  Petroleum e the r ,  redistille d .  
0 
B . P . 40-60 C .  
4 .  Saturated sodium chloride solution . 
5 .  Standard fatty acid solutions , 
( i )  required fatty acid in redistilled petroleum e ther . ( - 4  mg/mL) 
( i i )  internal standard in redistilled petroleum e ther ( - 2  mg/mL) . 
Stopper standard solutions ti ghtly and store in freezer .  
PRECEDURE 
1 .  Preparation of Calibration Standards 
'I'Wo calibration standards are require d .  The first standard is in jected 
into the GC and the GC is  calibrated to this  standard . The second standard 
is then injected and the results presente d should re flect (within a few 
pe rcen t) the calibration amounts in the calibration table . 
A sui table standard for analysi s  o f  linole i c  acid is  2mL Cl 7 : 0  ( 2  mg/mL 
Stock Solution ) plus 4mL Cl8 : 2  (4 mg/mL) . The two calibration standards 
are esterified �n an identical manner to the sample s .  
2 .  Sample Preparation 
2 . 1 . Oil s  
Accurately weigh about 100mg of  oil into a SOmL round bottomed flask , 
add one or two pieces o f  pumice and 2mL o f  in te rnal standard . Remove 
the pe t .  e ther on a steam bath , blowing out the last trace s with a 
puffer , and proceed to esteri fication irrunediate ly . 
2 . 2 .  Feeding Stuffs 
Extrac t 5 g  of  sample for 16 hrs with pe troleum e the r .  Reduce the 
vciume o f  the extract on a s team bath and transfer quanti tative ly 
to a 25mL volume t ric flask . Pipe tte a 2mL aliquot of oil solution 
. . .  2 /-
- 2 -
into a SOmL rcc.:.nd bo ttomed flask , add one o r  two pieces of pumice 
and 2mL o f  in ternal standard . Remove the pet .  ether on a steam 
ba th ,  blowing out the las ·.:: traces with a puffer , and proceed to 
esterification immediately . 
3 .  E sterification 
Re flux contents o f  the flask with 4mL of causti c methanol solution ( Reagen t 1)  
on boiling water bath for 10 min . (or until al l oil is  saponi fied) . 
Add 5mL of boron tri fluoride in methanol ( Reagent 2 )  through the top o f  the 
condenser , keeping reaction mixture under reflux for a further 3 min . 
Add 5mL of  petroleum ether ( Reagen t  3 )  through top of the condenser and 
re flux for a further 2 min . 
Cool flask , still  attached to a condenser , for 1-2 min .  in cold water , 
then disconnect from condenser and add saturated NaCl solution to float 
solvent layer up into the neck of the flask . 
Using a pasteur pipette trans fer the fatty acid methyl esters in solvent to 
a stoppered or screw-cap tube containing anhydrous Na2S04 , shake well and 
leave stand unti l  clea r .  
Transfer to a l . 5mL vial suitable for use on the HP 7672A automatic sample r . 
4 .  GC Analysis . 
4 . 1 .  Setting up the 5880A GC 
4 . 1 . 1 . An oxygen scrubbe r  is  installed in the helium l ine between 
the helium cylinde r  and the moisture trap at the rear of the 
GC . This is  required because the capillary column used,  a 
carbowax 20M column , i s  degraded rapidly by oxygen . 
4 . 1 . 2 .  A 12 . 5  metre by 0 . 2mm carbowax 20M fused silica capillary 
column i s  used . 
4 . 1 . 3 .  The maximum column operating temperature i s  2 20
°
c .  
The oven temp i s  le ft a t  80 C when not in operation . 
4 . 2 .  Ope rating \Conditions for the 5880A GC (Note 1) 
4 . 2 . 1 .  Linoleic analysis 
Ini t .  Oven Temp . 150
°
c Chart speed 
Init . Oven Time 1 min Attenuation 
Program Rate 5
° 
C/min Threshold 
Final Oven Temp . 180
°
c Run Table : 
Final Oven Time 2 min RT 0 . 0 1 Intg off 
Injector Temp . 250
°
c RT 1 . 00 Intg on 
0 . 1  
20 
0 
Detector Temp . 250
°
c RT 1 . 50 Chart spd 0 . 5  
Split Ratio 400 : 1  
Column Flow 1 . 5 mL/min Helium 
Injection Volu.�e 1 µL 
. . .  3/-
cm/min 
J 
- 3 -
4 . 2 . 2 .  Erucic analysis 
Oven Temp 
Isothermal Analysis 
Inj ector Temp . 
Detector Temp . 
Split Ratio 
Column Flow 
Injection Volume 
220
°
c 
0 
250 C 
250
°
c 
200 : 1  
1 . 5  mL/min 
Helium 
1 µL 
Chart speed 
Attenuation 
Threshold 
Run Table : 
RT 0 . 01 
RT 1 . 00 
0 . 1  cm/min 
2
0 
-1 
Intg off 
Intg on 
4 . 3 . calibration of  the 5880A GC 
NOTES 
Re fer to 5 880A Operating Instruction , Volume 5 ,  Integration and Methods 
Section X, The I STD Method and the ISTD % Variation . Prudent use of 
these facil ities allow for the result to be printed with the trace as 
either percent or a weight hence no calculations are necessary . 
1 .  GLC conditions may be varied to obtain optimum separation and clearance . 
2 .  It  is preferable to use an acid not naturally present in the samples and 
having a retention time close to that of the fatty acid be ing determined ,  
usually a saturated acid for increased stability e . g .  Cl 7 : 0  o r  C21 : 0  for 
linoleic acid determination . C2 1 : 0 ,  C2 3 : 0  or C24 : 0  for erucic acid 
determination . Small but sign i ficant quanti ties  o f  the �hosen I . S . 
naturally present should be sub tracted as a ' blank ' . 
3 .  Weights and volumes taken may be varied to suit the type of  sample and the 
fatty acid being determined .  
Oleic acid , Cl8 . l .  I . S .  Cl 7 . 0 .  Suitable ratio ( C1 7 . 0 : Cl8 . l ) for sun flower 
seed is 1 : 5 ,  to conserve the fatty acid standard . 
Linoleic acid , Cl8 . 2 .  I . S .  Cl7 . 0  or C21 . 0 .  Suitable ratios ( Cl7 . 0 : Cl8 . 2 ;  
C2 1 . 0 : Cl8 . 2 ) for poultry feeds have been found to be 2 : 1 ,  1 : 1 , 1 : 2 .  
Sunflower seed may range in linoleic acid content from 30% to 70% m;m o f  
oil and ratios are adjusted accordingly . For high linoleic acid levels  
( 60-70% ) , a ratio of about 1 : 10 is  pre ferable to conserve the fatty acid 
standard . 
Erucic acid , C2 2 . l .  I . S .  C21 . 0 ,  C2 3 . 0 ,  C24 . 0 .  Rapeseed oil may contain 
up to 50% of t}� total fatty acids as erucic acid . Ratios are adj usted 
as for linoleic·  acid ( above ) and , if C24 . 0  naturally as I . S . , it may be 
necessary to determine the leve l  naturally presen t and sub tract it as a 
blank . Low erucic acid rapeseed oils (< 2% e ruci c acid) are a special case 
and should be determined by the method for Erucic Acid in Rapeseed Oil by 
GLC using an Internal Standard . 
. . .  4/-
- 4 -
SAFETY 
Boron trifluoride and its preparations are hazardous and toxi c , and the vapour 
i s  highly irritating to the lungs . Work must be carried out in a fume cupboard . 
For con tact with the skin or eyes wash with copious quantities of water for 
at least 10 minutes .  
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M E T HO D  S HE E T  
P l a n t  C h e m i s t r y S e c t i o n  
Ag r i c u l t u r a l  C h e m i s t r y  L a b o r a t o r y  
C h em i s t r y  C e n t r e  ( WA )  
C R U F I B . D R F  
D r a f t  
3 1 . 7 . 9 0 
F E E D I NG S T U F F S  AND P LANT MATE R I AL - D E TERM I NAT I O N  O F  C R U D E  F I B R E  
1 .  S C O P E  
C r u d e f i b r e  i s  n o t  a s p e c i f i c p l a n t  c o n s t i t u e n t  b u t  i s  d e f i n e d  b y  
t h e  a n a l y t i c a l  c o n d i t i on s  u s e d . 
Th e m e t h o d  i s  s u i t a b l e  f o r  a l l  p l a n t  ma t e r i a l s  a n d  f e e d i n g  s t u f f s .  
A f t e r m i l l i n g  u n d e r  p r e s c r i b e d  c o nd i t i o n s , s amp l e s  mu s t  c o n t a i n  
l e s s  t h a n  3 %  f a t . 
2 .  P R I NC I P L E  
E x t r a c t i o n  o f  p l a n t  m a t e r i a l  w i t h  h o t  d i l u t e  s u l p h u r i c  a c i d ,  t h e n  
w i t h  h o t  d i l u t e s o d i u m  h y d r o x i d e . D r y i n g  a n d  w e i g h i n g  o f  t h e  r e s i d u e . 
3 .  S A F E T Y  
R e a g e n t  
S u l p hu r i c  a c i d  
1 0 %  w / v  
D a ng e r o u s  p r o p e r t i e s  
H e a t  a n d  f um e s wh e n  
9 8 %  H 2 S 0 4  m i x e d  w i t h  
wa t e r  
C o r r o s i v e  
S o d i u m  h y d r o x i d e  
1 0 %  w / v  
H e a t  a n d  f um e s wh e n  
s o l i d  N a O H  d i s s o l v e d  
i n  wa t e r 
A c e t o n e  
4 .  R E A G E N T S  
A t t a c k s  human  s k i n  
I n f l amma b l e  
T o x i c  b y  i n h a l a t i o n 
E y e i r r i t a n t  
S k i n  i r r i t a n t  
S a f e t y  e qu i pm e n t  a n d  p r a c t i c e s  
W e a r  s a f e t y  g l a s s e s  a n d  
r ub b e r  g l ov e s  wh e n  p r e ­
p a r i n g  a n d  h a n d l i n g  
P r e p a r e  i n  a f u m e  c u p b o a r d  
S a m e  a s  f o r  S u l p h u r i c  a c i d  
D o  n o t  u s e  n e a r  f l am e s  o r  
p o s s i b l e  s o u r c e s  o f  s p a r k s  
U s e  o n l y  w i t h  a d e qu a t e  
v e n t i l a t i o n  
W e a r  r u b b e r  g l o v e s  wh e n  u s i n g  
4 . 1 S u l p hu r i c  a c i d , 1 0 %  w / v . C a r e f u l l y  a d d , w i t h  s t i r r i n g , 2 0 0 g  
( 1 0 9  m L ) c o n c e n t r a t e d  ( 9 8 % ) H 2 S 04 t o  1 l i t r e  o f  wa t e r . C o o l  
a n d  m a k e  t o  2 l i t r e s .  
4 .  2 S o d i u m  h y d r o x i d e , 1 0 % w / v . D i s s o l v e  2 0 0  g N a O H  i n  wa t e r  i n  a 
p y r e x  b e a k e r . M a k e  t o  2 l i t r e s . 
4 . 3 A c e t o n e  ( t e c h n i c a l  g r a d e , M a l l i n c k r o d t )  f o r  s p e e d i n g  u p  f i n a l  
wa s h i n g  a n d  d r y i n g . 
5 .  A P PARATUS 
5 . 1 4 0 0  ml b e a k e r s .  
5 . 2  S i n t e r e d g l a s s  f i l t e r c r u c i b l e s ,  p o r e  s i z e  1 0 0 - 1 2 0  u m , e . g .  Py r e x  
G r a d e  1 .  
5 . 3  S t a i n l e s s  s t e e l  o r  a l umi n i um k e t t l e ,  2 l i t r e c a p a c i t y .  
5 . 4  F i l t r a t i o n s y s t em a n d  v a c uum pump . 
5 . 5  H o t p l a t e  wi t h  t emp e r a t u r e  c o n t r o l l e r s e t  t o  2 5 0 d e g . 
5 . 6  Ra p i d  d i s p e n s e r  c a l i b r a t e d t o  d e l i v e r  2 5  mL t o  a p r e c i s i o n o f  
+ / - 0 . 2 5 mL . 
6 .  S A M P L E  PRE PARAT I ON 
6 .  1 T h e  r e s u l t  d e p e n d s o n  p a r t i c l e  s i z e . S a mp l e s  mu s t  b e  m i l l e d  
t o  p a s s  1 mm m e s h  i n  a W i l e y m i l l ,  who s e  c u t t i n g  a c t i o n p r o d u c e s  
l e s s  f i n e s  t h a n  c r o s s b e a t e r  mi l l s ,  f o r  i n s t a n c e  C & N .  
6 . 2  T h e  s a mp l e  ma t e r i a l  mu s t  c o n t a i n  l e s s  t h a n  3 %  f a t . I f  i t  c o n t a i n s  
mo r e  t h e  f a t  mu s t  b e  e x t r a c t e d b y  s t a n d i n g  f o r  3 0  m i nu t e s  i n  X4 
s o l v e n t  ( R e f . 6 ) , t h e n  d e c a n t i n g  a nd r i n s i n g . 
7 .  PROC E DUR E  
7 . 1 W e i g h a c c u r a t e l y  a b o u t  1 . 5 g s a mp l e  i n t o  a 4 0 0  m l  b e a k e r . A d d  1 7 5  
mL b o i l i n g  wa t e r , mak i n g  s u r e  t o  d i s p e r s e  t h e  ma t e r i a l . 
7 . 2  A d d  2 5  m L  R e a g e n t  1 a n d  b o i l  GENTLY f o r  3 0  m i nu t e s , ma i n t a i n i n g 
c o n s t a n t  v o l um e  b y  a d d i n g  b o i l i n g  wa t e r . 
7 . 3  Wh i l e  7 . 2  i s  i n  p r o g r e s s  f i t  a f i l t e r  c r u c i b l e  t o  a B u c h n e r  f u n n e l . 
Ju s t  b e f o r e  i t  i s  t i m e  t o  f i l t e r , p o u r  i n  a b o u t  1 c m  o f  b o i l i n g  
wa t e r  a n d  l e t  s t a n d , t o  h e a t t h e  c r u c i b l e .  
7 . 4  A f t e r  3 0  m i nu t e s , r e m o v e  b e a k e r s  f r o m  t h e  h o t p l a t e  a n d  a l l o w t o  
s e t t l e  f o r  a b o u t  1 m i nu t e .  T h e n  p o u r  t h e  a c i d  m i x t u r e  i n t o  t h e  
f i l t e r  c r u c i b l e  
7 . 5 Wa s h  t h e  b e a k e r  a n d  t h e  ma t e r i a l  on  t h e  f i l t e r  w i t h  3 l o t s  
o f  b o i l i n g  wa t e r , a l l o w i n g  c o mp l e t e  d r a i n a g e  b e t w e e n  wa s h i n g s . 
Wa s h  o n c e w i t h  R e a g e n t  4 . 3  f r o m a wa s h  b o t t l e ,  t o  r e d u c e  r e ma i n i n g  
f a t s  t o  a m i n i mu m .  T h e n  t u r n  o f f  t h e  s u c t i o n  a n d  a d d  a l i t t l e  
c o l d  wa t e r  t o  k e e p  t h e  ma t e r i a l  mo i s t d u r i n g t h e  t i me  t a k e n  t o  
c o mp l e t e  t h e  b a t c h .  
7 . 6 A d d  1 7 5  mL b o i l i n g  wa t e r  t o  t h e  b e a k e r ,  t h e n  2 5  m L  r e a g e n t  2 .  
P l a c e  t h e  c r u c i b l e  o n  i t s  s i d e  i n  t h e  b e a k e r  s o  t h a t  i t  i s  
c o v e r e d  b y  t h e  l i qu i d . 
7 . 7 P l a c e  on  t h e  ho t p l a t e  a n d  b o i l  g e n t l y  f o r  3 0  m i nu t e s , e n s u r i n g  
t h a t  t h e  ma t e r i a l i s  d i s p e r s e d t hr o u g h o u t  t h e  l i qu i d .  M a i n t a i n  
t h e  v o l ume  b y  a d d i t i o n  o f  b o i l i n g wa t e r . 
7 . 8  R e m o v e  t h e  c r u c i b l e w i t h  t h e  a i d  o f  t o n g s  a n d  ho l d  i t  o v e r  t h e  
b e a k e r  wh i l e  r i n s i n g  any  f i b r e s  f o m  t h e  b a s e  a n d  s i d e s . 
7 . 9 F i t  t h e  c r u c i b l e  t o  t h e  B u c hn e r  f u nn e l  a n d  f i l t e r a n d  wa s h  a s  
b e f o r e . 
7 . 1 0 D r y  t h e  c r u c i b l e  a t  1 0 5 C  f o r  2 h o u r s . 
we i g h 
C o o l  i n  a d e s i c c a t o r  a n d  
W l  
7 .  1 1  A s h  t h e  c r u c i b l e  c o n t e n t s  b y  h e a t i n g  t o  5 0 0 C  ( NO H I G H E R ! NOT E 9 . 2 ) 
f o r  3 0  m i nu t e s . C o o l i n  a d e s i c c a t o r  a n d  w e i g h  . W 2 
7 . 1 2  B r u s h  t h e  a s h o u t  of  t h e  c r u c i b l e  a n d  w e i g h  i t  a g a i n . 
b e  t h e  t a r e  we i g h t  f o r  t h e  c r u c i b l e  . 
8 .  C A L C ULAT I ON AND RE PORT I N G  FORMAT ( NOTE 9 . 3 ) 
8 . 1 % C r u d e  F i b r e  
8 . 2 % F i b r e  A s h  
( W l  - W2 ) X 
S a mp l e  w e i g h t  
( W 2  - W 3 ) X 
S a mp l e  we i g h t  
1 0 0  
1 0 0  
T h i s  w i l l  
W 3  
8 . 3  I f  r e s u l t s  a r e  r e q u i r e d  o n  a d r y  b a s i s ,  t h e  f i g u r e  f r o m 8 . 1 mu s t  
b e  d i v i d e d b y  a d r y  b a s i s  f a c t o r  c a l c u l a t e d  f r o m  t h e % H 2 0  i n  
t h e  s a mp l e .  R e f e r  t o  t h e  m e t h o d  s h e e t  f o r  H 2 0  d e t e r m i n a t i o n . 
8 . 4  T h e  f i b r e  a s h  r e s u l t  i s  n o t  r e p o r t e d . A f i g u r e  g r e a t e r  t h a n  1 %  m a y  
i n d i c a t e  i n c omp l e t e  wa s h i n g  a f t e r t h e  f i n a l  f i l t r a t i o n , o r  a h i gh 
l e v e l  o f  e n t r a i n e d  s o i l  i n  t h e  s a mp l e . I n  t h e  l a t t e r  c a s e ,  a d d  
a c o mme n t  t o  t h e  r e p o r t . 
8 . 5 R e p o r t  r e s u l t s  t o  o n e  d e c i m a l p l a c e . 
' 
9 .  NOT E S  
9 . 1 Lu p i n  s e e d , c e r e a l  g r a i n s  a n d  m i x e d  f e e d s f i l t e r  mo r e  s l o w l y  t h a n  
p a s t u r e s  a n d  t o p s . 
9 . 2  B o r o s i l i c a t e  g l a s s  mu s t  n o t  b e  h e a t e d a b o v e  t h e  s t r a i n t emp e r a t u r e  
o f  S l S C .  
9 . 3 Th e E p s o n  d e s k t o p  c o mpu t e r  c o n t a i n s  a p r o g r a m f o r  t h i s ,  a c c e s s e d 
b y  t h e  c o mma n d  GOTO 4 0 0 0 . 
1 0 . R E F E R E NC E S  
1 0 . 1  D i v i s i o n a l f i l e  7 . 7 . 7 
1 0 . 2  UK M i n i s t r y o f  A g r i c u l t u r e ,  F i s h e r i e s  a n d  F o o d : " T h e  a n a l y s i s  o f  
a g r i c u l t u r a l ma t e r i a l s "  2 n d  E d i t i o n ,  P a g e  7 9 , M e t h o d  3 2 . 
1 0 . 3  O f f i c i a l  M e t h o d s  o f  An a l y s i s  A . O . A . C .  1 3 t h  e d i t i o n ,  p .  1 3 3 . 
1 0 . 4  D . A . T . S o u t h g a t e , 
A p p l i e d  S c i e n c e ,  
" T h e  D e t e r m i n a t i o n  o f  F o o d  C a r b o h y d r a t e s " , 
1 9 7 6 ,  1 2 9 - 1 3 1 .  
1 0 . 5  L . E . Ha r r i s , " C o mp i l a t i o n  o f  D a t a  t o  p r e p a r e  F e e d  C o mp o s i t i o n  
T a b l e s  f o r  L a t i n  Ame r i c a n  T r o p i c s " , U n i v e r s i t y  o f  F l o r i d a , 1 9 7 0 , 
p .  2 2 0 1 . 
1 0 . 6  P l a n t s  S e c t i o n  me t h o d  s h e e t : " F e e d i n g  S t u f f s  a n d  P l a n t  
M a t e r i a l  - D e t e r m i n a t i o n o f  F a t " .  
- - 0 0 0 - -
DB�1Elll'IJIA TIOE Oli, ASH Hf Fi';},;DS Alm PLAlTT 
r,·;AT::;RIAL 
SUI·ff{ARY 
.Ash in feeds represents the nutritionally valuable mineral c011-t ent ; 
hm-rever :Lt mn:v als o contain f., j_ ,3nific2.nt an1ounts oi s i lica or s oil . 
I t  is det ermined under sne cified conditions of time and t empera ture 
t o  prevent loas of  some �lements . 
REJ!'ERElTCE 
Torma L ,  JAOAC 1 977 , iQ, 842 . 
APPARATUS 
Silica or porc elRin basins . 
Ele.ctric \m�1_f :fle furnace . 
PROO .rmUR.:� 
Prepare the besins by heatj_n� at 550°c for 1 hour and cool in a 
d esiccator o ':leie;ht 2g smnple li11.ich has been ground to pass a 1 mm 
s creen into a tared bP s in an rS pl<:J c e  it  in a cool furnace .  Incre[!.n e  
th e temper2:tu:ce t o  5 ::i o0c w:L th the d oor slightly open and hold at 
this temperature for 3 hours u:U;h the door c losed . Transfer the 
basj_n to- P. d 0� ..1.-' cn <"' ... 1·-, or , coo] r') 'Y' (' '-'8 l0 rr•1 - C' - v . (.,..J.l •- VV - (-':,J. o 
Ci\IDTJid,TIOlT 
% ash as re ceived = X 1 00 _ ___._ ___ , ..... , .-- ----··,,, _________ _ _ 
1lt S 8J,1!)le 
Not e :  Levels of  ash up to �50 pe-r c ent may be found in some plants 
e . g . s al t·biJ.sl1 . 
-
- - - - - - - ---- - - ------- - - - - - - - - - --- ---- - - -- ---- - - - - - ---------- - - - - - - -
M E THOD S H E E T  
P l a n t  C h e m i s t r y  S e c t i o n  
A g r i c u l t u r a l  C h em i s t r y L a b o r a t o r y  
C h e m i s t r y  C e n t r e  ( WA )  
F i n a l 1 
2 7 . 4 . 8 9 
P LANT MATE R I A L  AND F E E D S T U F F S  - AC I D  D I G E S T I ON -
FOR ANALY S I S  BY  I C P-AE S 
1 .  S C O P E  
T h i s  me t h o d  d e s c r i b e s  t h e  a c i d  d i g e s t i o n  o f  p l a n t  m a t e r i a l  t o  
p r o d u c e  a s o l u t i o n  s u i t a b l e  f o r  t h e  a n a l y s i s  o f  P ,  K ,  C a ,  M g , S ,  
A l , C u , F e , M n , a n d  Z n  ( N o t e  8 . 1 ) .  S o me  l o s s  o f  b o r o n  o c c u r s d u r i n g  
d i g e s t i o n .  S ma l l e r s a mp l e  w e i g h t s mu s t  b e  u s e d  f o r  s a m p l e s  
c o n t a i n i n g mo r e  t h a n  1 . 5 % K o r 1 . 2 % C a  ( No t e  8 . 2 ) . 
T h e  p r o c e d u r e i s  a p p l i c a b l e  t o  p l a n t  ma t e r i a l  a n d  a n i m a l 
f e e d s t u f f s  w i t h  a n  o i l  o r  f a t  c o n t e n t  o f  l e s s  t h a n  a b o u t  1 0 %  ( N o t e  
8 . 3 ) . 
2 .  P R I NC I P L E  
D e s t r u c t i o n  
p e r c h l o r i c  
wa t e r . 
3 .  S A F E T Y  
o f  o r g a n i c  ma t t e r b y  h e a t i n g  w i t h  
a c i d s . E v a p o r a t i o n o f  n i t r i c  a c i d , a n d  
n i t r i c  
a d d i t i o n 
a n d  
o f  
3 . 1  U s e  a p e r c h l o r i c  a c i d  s t a n d a r d  f ume  c u p b o a r d ( R e f .  1 0 . 1 ) a n d  
c o n s u l t  R e f .  9 . 1 b e f o r e  u s e . 
3 . 2 U s e  s a f e t y  g l a s s e s  a n d  g l o v e s  wh e n  h a n d l i n g  c o n c e n t r a t e d  
a c i d s  a n d  wh e n  i n s p e c t i n g  t h e  p r o g r e s s  o f  t h e  d i g e s t i o n .  T h e  
wo r k  a r e a mu s t  i n c l u d e  a s a f e t y  s h o w e r  wh i c h  i s  c h e c k e d  
r e g u l a r l y . 
3 . 3  P e r c h l o r i c • a c i d  i s  a n  e x t r e m e l y  p o we r f u l  o x i d i s i n g  a g e n t  w h e n  
h o t , a n d  m a y  r e a c t  e x p l o s i v e l y  w i t h  o r g a n i c  ma t t e r  s u c h  a s  
f a t  wh i c h  i s  o n l y  o x i d i s e d  s l ow l y  b y  n i t r i c  a c i d . C o n s u l t  
R e f .  9 . 2 b e f o r e  u s e . 
4 .  R E A G E N T S  AND MAT E R I A L S  
4 . 1 N i t r i c  a c i d , HN0 3 , 7 0 % w/ w , l . 4 2 g / mL ,  b . p . 1 2 0  C ( N o t e  8 . 4 ) 
4 .  2 P e r c h l o r i c  a c i d , HC 1 04 ,  7 0 %w / w ,  1 .  6 7 g / m L ,  b .  p .  2 0 3  C 
4 . 3  N i t r i c / p e r c h l o r i c  a c i d  m i x t u r e ,  2 + 1 . C a r e f u l l y m i x  2 v o l u m e s 
o f  n i t r i c  a c i d  w i t h  1 v o l um e  o f  p e r c h l o r i c  a c i d . 
4 . 4 K e r o s e n e , d om e s t i c  g r a d e ,  h i g h l y  r e f i n e d , s u i t a b l e  f o r  l a mp s 
4 . 5 P l a s t i c  f i l m wr a p  
5 .  AP PARATU S  
5 .  1 
5 .  2 
5 . 3 
5 . 4  
5 . 5 
5 . 6  
H e a t i n g  b l o c k  
c o n t r o l l e r t o  
( No t e  8 . 5 ) . 
w i t h  
2 5 0 C ,  
T e s t  t u b e s ,  r i m l e s s , 
C r own C o r n i n g 1 6 2 2 / 1 3  
w i n d s h i e l d , r a c k s  a n d  t e mp e r a t u r e  
e . g .  W i n d r i f t  I n s t r u me n t s M o d e l  H P  2 
b o r o s i l i c a t e  g l a s s , 1 5 0 X 1 8 mm , e . g .  
( r e - u s a b l e )  o r  K i mb l e  c u l t u r e  t u b e s  
( d i s p o s a b l e )  ( No t e  8 .  6 )  . 
O x f o r d  d i s p e n s e r , l O mL , w i t h  e x t e n d e d  t i p  ( R e f . 9 .  6 )  . 
Ox f o r d  d i s p e n s e r , 3 0 mL ( Re f . 9 .  6 )  . 
P a s t e u r  p i p e t t e s  a n d  PVC b u l b s . 
T e s t  t u b e  r a c k s  a n d  f o a m / b o a r d  m i x i n g s y s t em .  
6 .  S A M P L E  PRE PARAT I ON 
U s e  a w e l l - m i x e d  s a mp l e  t h a t  h a s  b e e n  m i l l e d  t h r o u g h  a 1 mm s c r e e n 
( R e f . 9 . 3 ) . 
7 .  P R O C E DURE 
T a k e  c a r e  to  a v o i d  c o n t a mi n a t i o n  at  a l l  s t a g e s .  E l i m i n a t e  s o u r c e s  
o f  c o p p e r  a n d  z i n c  f r o m t h e  w o r k  a r e a . Ru b b e r  g l o v e s  c o n t a i n z i n c 
a n d  s h o u l d  b e  c o v e r e d  w i t h  p l a s t i c  g l o v e s  i f  u s e d . 
7 . 1 W e i g h  t o  t h e  n e a r e s t  O . O O l g  b e t w e e n  0 . 8 5 a n d  0 . 9 5 g  o f  s a mp l e  
i n t o  a t e s t  t u b e  ( N o t e  8 .  7 ) . I n c l u d e  c o n t r o l s ,  r e p l i c a t e s  a n d  
b l a n k s  i n  e a c h  b a t c h ,  w i t h  a b l a n k  a s  t h e  f i r s t  t u b e  ( R e f . 9 .  
4 ,  9 .  5 )  . 
7 .  2 A d d  a b o u t  4 d r o p s  o f  k e r o s e n e  
p i p e t t e  t o  e a c h  t u b e  a n d  
n i t r i c / p e r c h l o r i c  a c i d m i x t u r e  
r i n s e  d own ma t e r i a l  a d h e r i n g  t o  
w i t h  p l a s t i c f i l m a n d p r e - d i g e s t  
f um e  c u p b o a r d .  
( N o t e  8 . 8 ) f r o m a P a s t e u r  
i mm e d i a t e l y a d d  6 m L  o f  
( R e f . 9 . 6 ) . U s e  t h e  a c i d t o  
t h e  w a l l s  o f  t h e  t u b e .  C o v e r  
b y  s t a n d i n g  ov e r n i g h t  i n  t h e 
7 . 3  T r a n s f e r  t h e  t u b e s  t o  t h e  d i g e s t i o n  b l o c k . S h a k e  o r  v o r t e x  
i f  ma t e r i a l  h a s  r i s e n  u p  t h e  t u b e , a n d  h e a t  a t  7 0  C f o r  a b o u t  
3 0  m i nu t e s .  S o me  f r o t hy ma t e r i a l s  may r e qu i r e  a n  i n i t i a l  
t e m p e r a t u r e  o f  5 0  C o r  a l o n g e r  p r e - d i g e s t i o n ( No t e  8 . 9 ) .  
I f  o n l y  a f ew t u b e s  a r e  f r o t h i n g , a d d  a l i t t l e  n i t r i c  a c i d  
w i t h  a P a s t e u r  p i p e t t e .  
7 . 4  I n c r e a s e  t h e  t e m p e r a t u r e  t o  9 0  C f o r  a b o u t  3 0  m i n u t e s ,  a n d  
t h e n  1 1 0  C f o r  a f u r t h e r  3 0  m i nu t e s  u n t i l  b r own f u m e s  a r e  n o  
l o n g e r  e v o l v e d . I n c r e a s e  t h e  t e m p e r a t u r e  t o  a b o u t  1 4 0 C f o r 
1 - 2 h o u r s ,  u n t i l  o n l y  a s ma l l  am o u n t  o f  n i t r i c  a c i d  i s  l e f t , 
i . e .  d i g e s t  vo l u m e  i s  a b o u t  2 . 5 m L . I f  t h e  t e m p e r a t u r e  d u r i n g  
t h i s  s t a g e  i s  t o o  h i g h , t h e  d i g e s t s  may b u m p  ( N o t e  8 . 1 0 ) . 
7 . 5  I n c r e a s e  t h e  t e m p e r a t u r e  t o  1 6 0 C t o  e va p o r a t e t h e  r e ma i n i n g 
n i t r i c a c i d . S t r a w  c o l o u r e d  f u m e s  a r e f o r m e d  a s  t h e 
p e r c h l o r i c  a c i d  a t t a c k s  a n y  r e f r a c t o r y  o r g a n i c  ma t e r i a l . H o l d  
t h i s  t e m p e r a t u r e  f o r  a b o u t  3 0  m i nu t e s , u n t i l  t h e  d i g e s t s  a r e 
c o l o u r l e s s . T h e  b l a n k s  a t  t h i s  s t a g e  s t i l l  c o n t a i n n i t r i c  
a c i d . I n c r e a s e  t h e  t e m p e r a t u r e  t o  1 8 0 C f o r  1 5  m i nu t e s , t h e n  
2 0 0  C f o r 1 5  m i n u t e s , a n d  t h e n  c h e c k  t h a t  o n l y  p e r c h l o r i c  
a c i d  r e ma i n s  i n  t h e  b l a n k s . 
7 . 6  S e t  t h e  t e mp e r a t u r e  t o  2 5 0 C , a n d  1 5  m i nu t e s  l a t e r  r e s e t  i t  
t o  1 5 0 C S t r o n g  wh i t e  p e r c h l o r i c  f um e s  w i l l  b e  e v o l v e d  n e a r  
t h e  e n d  o f  t h e  h e a t i n g  p e r i o d . Du r i n g t h e  c o o l i n g  s t a g e , 
r e mo v e  t h e  r a c k s  f r o m  a r o u n d  t h e  t u b e s , w a s h  t h e m  a n d  a l l o w 
t o  d r a i n .  
( 
7 . 7  A f t e r  c o o l i n g  f o r  2 0 - 3 0  m i nu t e s , r emo v e  e a c h  t u b e  f r o m t h e 
b l o c k  a n d  u s e  t h e  d i s p e n s e r  t o  a d d  a known v o l um e  o f  wa t e r 
b e t w e e n  2 1  a n d  2 2 mL ( No t e  8 .  1 1 ) . C o v e r  t h e  t u b e s  w i t h  2 
l a y e r s  o f  p l a s t i c  f i l m ,  p l a c e  t h e  f o a m  a n d  b o a r d  o n  t o p  o f  
t h e t u b e s ,  a n d  m i x  b y  i n v e r t i n g  a t  l e a s t  5 t i m e s .  S t o r e  a w a y  
f r o m  d r a u g h t s ,  a n d  m i n i m i s e  e v a p o r a t i o n  b y  p l a c i n g  f o a m  o r  
s o f t  c l o t h  o v e r  t h e  c ov e r e d t u b e s , a n d  t h e n  p l a c i n g  a h e av y  
f l a t  o b j e c t  o n  t o p . 
7 . 8  T h e  v o l um e  o f  p e r c h l o r i c  a c i d  r ema i n i n g  a f t e r d i g e s t i o n  
a b o u t  l . 3 m L , g i v i n g  a s o l u t i o n  c o n c e n t r a t i o n  o f  a b o u t  
a c i d . T h e  f i n a l v o l um e  o f  s o l u t i o n = 
v o l um e  o f  wa t e r a d d e d + 1 . 3  mL ( No t e 8 . 1 2 ) . 
i s  
5 %  
8 .  NOT E S  
8 .  1 T h i s  d i g e s t i o n  p r o c e d u r e  l e a v e s  a r e s i d u e  o f  
m a y  n o t  g i v e  t o t a l  r e c o v e r y  o f  i r o n a n d  
1 0 .  2 ) . 
s i l i c a ,  a n d  a l s o 
a l um i n i u m  ( R e f .  
8 . 2  P o t a s s i u m  p e r c h l o r a t e  m a y  r ema i n  i n s o l u b l e  i n  t h e f i n a l 
s o l u t i o n  a t  l e v e l s  a b o v e  6 0 0 - 7 0 0  u g  K / m L . C a l c i u m  r em a i n s  
s o l u b l e ,  b u t  t h e  I C P - A E S  c a l i b r a t i o n  u s e s  a t o p  s t a n d a r d  o f  
4 0 0 u g  C a / mL .  S a mp l e s  c o n t a i n i n g  h i g h  l e v e l s  o f  C a  c a n  b e  
d i l u t e d  u s i n g  5 %  H C 1 04 s o l u t i o n  ( s e e  a l s o No t e  8 . 6 ) .  
8 . 3  S a mp l e s  c o n t a i n i n g  
a l t e r n a t i v e l y ,  t h e  
a c i d  d i g e s t i o n . 
h i g h  l ev e l s  o f  f a t  s h o u l d  b e  a s h e d , o r  
ma t e r i a l  s ho u l d  b e  f a t - e x t r a c t e d  b e f o r e  
8 . 4  U s e  o n l y  h i g h  qua l i t y  a na l y t i c a l  r e a g e n t  g r a d e  a c i d s .  
D i f f e r e n t  b r a n d s o f  a c i d , a n d  d i f f e r e n t  b a t c h e s  o f  t h e  s a m e  
b r a n d  m a y  c o n t a i n v a r y i n g  l ev e l s  o f  t r a c e  m e t a l s .  I t  wa s o n c e  
n e c e s s a r y  t o  r e d i s t i l  a l l  n i t r i c  a c i d  ( NE V E R  a t t e mp t  t o  
d i s t i l  p e r c h l o r i c  a c i d ) . A t  p r e s e n t , M a l l i n c k r o d t  n i t r i c  a n d  
M e r c k  p e r c h l o r i c  a c i d s  a r e  u s e d d i r e c t l y .  
8 . 5 T h e  r a c k s  h a v e  b e e n d e s i g n e d  t o  r e s t  o n  t h e w i n d s h i e l d  a n d  
e n c l o s e  t h e  u p p e r  p a r t  o f  t h e  t e s t  t u b e s  i n  a " ho t  b o x " . T h i s 
s p e e d s  u p  t h e  e v a p o r a t i o n  o f  t h e  n i t r i c  a c i d . K e e p  t h e  h o l e s  
i n  t h e  b l o c k  c l e a n ,  t o  ma i n t a i n  g o o d  c o n t a c t  a n d  h e a t 
t r a n s f e r t o  t h e  t u b e s . 
8 . 6 T h i s  s i z e d  t u b e  f i t s t h e r a c k s  f o r  t h e G i l s o n  s a m p l e r ,  t hu s  
a v o i d i n g  a s o l u t i on t r a n s f e r  s t e p . T h e  u s e  o f  d i s p o s a b l e 
t u b e s  a v o {d s  t h e  e x t r a  t a s k  o f  wa s h i n g  a n d  d r y i n g  r e -u s a b l e 
t u b e s ,  w i t h  t h e  r i s k o f  c o n t a m i na t i o n . R e - u s a b l e  t u b e s  mu s t  
b e  b o i l e d  w i t h  n i t r i c  a c i d  b e f o r e f i r s t  u s e ,  a n d  r i n s e d o n l y  
w i t h  d e i o n i s e d  wa t e r  a f t e r u s e , a s  t a p  wa t e r  c a n  c a u s e  t r a c e  
c o n t a m i n a t i o n . T h e  d i s p o s a b l e  t u b e s  a r e  t r a c e - c l e a n  a s  
p u r c h a s e d , a n d  d o  n o t  r e qu i r e  a c i d  wa s h i n g  b e f o r e  u s e . C o s t  
p e r  t u b e ,  1 1  c e n t s  ( 1 9 8 8 ) . 
8 . 7 0 . 9 g o f  s a mp l e  i s  s u i t a b l e  f o r  mo s t  c e r e a l  t o p s  a n d  g r a i n s . 
F o r  p a s t u r e s ,  u s e  0 . 4 g a s  t h e y g e n e r a l l y h a v e  h i g h e r  C a  a n d  
C u  l e v e l s .  I f  l e v e l s  a r e  u nk n o wn i n  o t h e r  s a m p l e  t y p e s ,  
a n a l y s e  a f ew s a mp l e s b e f o r e  s t a r t i n g  t h e  who l e  wo r k s h e e t . U p  
t o  2 . 5 % C a  c a n  b e  d e t e r m i n e d  d i r e c t l y  b y  u s i n g  o n l y  0 . 4 g 
s a mp l e .  A l t e r n a t i v e l y ,  u p  t o  l g  o f  h e t e r o g e n e o u s  ma t e r i a l s  
s u c h  a s  h i g h  C a  f e e d s t u f f s  c a n  b e  d i g e s t e d i n  a s i m i l a r  
m a nn e r  u s i n g  2 5 mm t u b e s  i n  a l a r g e r  b l o c k ,  w i t h  9 m L  o f  2 + 1  
a c i d  m i x t u r e ,  a n d  m a d e t o  v o l u m e  w i t h  2 x 2 2 m L  o f  wa t e r . 
8 . 8  K e r o s e n e  a c t s  a s  a s u r f a c t a n t  t o  r e du c e  f r o t h i n g . W i t h o u t  
i t , n o  mor e t h a n  a b o u t  0 . 4 g  c an b e  c o n v e n i e n t l y  d i g e s t e d  i n  
t h i s  s i z e d  t u b e .  T h e  ov e r n i g h t  p r e - d i g e s t i o n  i s  n o t  n e c e s s a r y  
f o r  mo s t  t y p e s  o f  s a mp l e s  i f  k e r o s e n e  i s  u s e d , b u t  i s  
r o u t i n e l y  i n c l u d e d . 
8 . 9 Th e a c t u a l  t i me s a n d  t em p e r a t u r e s  f o r  e a c h  s t a g e  o f  t h e  
d i g e s t i o n  c a n o n l y  b e  e s t a b l i s h e d  b y  e xp e r i e n c e .  W h e n  f i r s t  
a t t e mp t i ng  t h i s p r o c e d u r e ,  o r  wh e n  u s i n g  n ew d i g e s t i o n  b l o c k s  
o r  c o n t r o l l e r s , mo n i t o r  t h e  p r o g r e s s  o f  t h e  d i g e s t i o n  
c a r e f u l l y .  I f  a s a mp l e  f r o t h s  ov e r  t h e  t o p  o f  t h e  t u b e ,  i t  
mu s t  b e  r e p e a t e d . 
8 .  1 0  I n s p e c t  t h e  r a c k  a n d  b l o c k  s u r f a c e s  f o r  a n y  s i g n s  o f  s p i t t i n g 
i f  t h e  d i g e s t i o n  h a s  b e e n l e f t un a t t e n d e d . R e p e a t  s a m p l e s  
t h a t  h a v e  bump e d  o r  h a v e  b e e n c o n t a m i na t e d  b y  o t h e r s  b u mp i n g ,  
o r  t h e  who l e  b a t c h  i f  n e c e s s a r y . I f  a d i g e s t  i s  i n t e r r u p t e d  
b e f o r e  a l l  t h e  n i t r i c  a c i d  i s  e v a p o r a t e d , e . g . s t o p p e d  
ov e r n i g h t ,  s a mp l e s  a r e  mor e l i k e l y  t o  bump wh e n  r e h e a t e d . 
8 .  1 1  I f  t h e  d i g e s t i o n  h a s  n o t  c o o l e d s u f f i c i e n t l y ,  t u b e s  m a y  s p i t  
wh e n  wa t e r i s  a d d e d . I f  t h e y  a r e  t o o  c o l d ,  p o t a s s i u m  
p e r c h l o r a t e  m a y  p r e c i p i t a t e  a n d  n o t  r e - d i s s o l v e . I f  t h i s  
o c c u r s , h e a t  t h e  b l o c k t o  1 5 0 C .  A f t e r  a d d i n g  wa t e r  t o  t h e 
d i g e s t s  ( s e e  7 . 7 ) r e t u r n  t h e  t u b e s  t o  t h e  b l o c k f o r  5 - 1 0  
m i nu t e s  a n d  t h e n  r em i x  t h o r o u g h l y . Th e e v a p o r a t i o n  o f  
i s  n e g l i g i b l e .  
w a t e r  
8 . 1 2  T h e  w e i g h t s  a n d  v o l u m e s u s e d  g iv e  a b o u t  a 2 5 - f o l d  d i l u t i o n  o f  
t h e  p l a n t  ma t e r i a l . Th e s e  c o n d i t i o n s  we r e  c h o s e n t o  g i v e  a 
l ow d e t e c t i o n  l i m i t  f o r  c o p p e r ,  a n d  t o  p r o v i d e  e n o u g h  
s o l u t i o n  t o  r e a d  t w i c e  o n  t h e  I C P -AE S i f  r e qu i r e d . 
9 .  R E F E R EN C E S  - A C L M E THOD S HE E T S  
9 .  l F u m e  c u p b o a r d s  - i n f o r ma t i o n  a n d  o p e r a t i o n 
9 . 2  No t e s  o n  p e r c h l o r i c  a c i d  a n d  i t s  h a n d l i ng  i n  a n a l y t i c a l  wo r k  
9 . 3 S a mp l e  p r e p a r a t i o n  - m e t h o d s a n d  i n s t r u c t i o n s  
9 . 4 We i g h i ng  s a mp l e s  - a gu i d e  
9 . 5 C o mp u t e r  - s a mp l e  w e i g h i n g  f i l e s - p r e p a r a t i o n  u s i n g  S E T U P  
9 . 6  D i s p e n s e r s  - u s e  a n d  ma i n t e n a n c e 
1 0 .  RE F E R E N C E S  - OTHER S O URC E S  
1 0 .  1 Au s t r a l i a n • S t a n d a r d  2 2 4 3 . 8  Fume  C u p b o a r d s  
1 0 . 2 Na t i o n a l Bu r e a u  o f  S t a n da r d s ,  C e r t i f i c a t e o f  
S RM 1 5 7 1  Or c h a r d  L e a v e s 
An a l y s i s  f o r  
1 0 . 3  M c Q u a k e r , N . R . , B r own , D . F .  a n d  K l u c k n e r , P . D  ( 1 9 7 9 ) . An a l . C h e m  
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[ 1 2 0 , 2 0 5 ] I C P D I G . M E T  
t,. P O ,t,, R A  : '. ) S 
. ::.; � Y') ·3 P.e r1 s . 
C f� • 1 • .  ! .'r, I; 
� ew , e t t  0 a c ka - a 5 8 8 J A  c �  5 8 9 0 6  C a n � 1 1 a - y  G a s  C h r om a � og � a p hy � � t t e d 
v�: "'° t' r, ,:=1 r s '7 ? .6 .l\ t. ; �� C) ·�� .�� r·': (J -, f:::> ••• 
1 
�J -r :3 ·::'.·� C.' - \/ e 5 0 :�; C: c·! .;, -� r -;- c_: }-. -;
:'J
� C; ,� c; p t i
c: 
,3 c; -, �-�; -;· n c] p - -7 on i 7 ecl Vt� ,5 t �-? :"' 
a � d  ma � g  t c  2 � i t r o s  
. . . r. / (� r· s "· ·; 0 8  
n 1� ,:,, 0 p  .;,;., . .. . .. . 
, .. .: t: r e s  
': i t-- r e  
J i s s o � v e  a p p r o x � m a t e 1 y 6 0  mg  o �  a m i x e d  a n a l y s e d  a l k a l o i d  
s t a n d a r d  i n  1 0  m L  n �  d r y c h r o m a r g r a a p  e t h y l a c e t a t e /  
d i c h 1 o r o0 e t h a n e  1 ) 
�: t··: t 0 
.3 c -'. rl 
a 7 0  m l  s n ec � m e n  
s o 1 u t i o � a n d  c a p  
a r o u n �  t o  oa s s  a mm  s c r een ( n o t e  1 \ . / ; 
. ..} r3 r ,a d d  
F x t r ? c t  
3 0  m l  o f  S pe r c en t  t r i c h l o r o a c et i c  
on r o l l e r s h a ke r  o v e r n i g h t . 
�cu r a p p r o � � ma t e 1 y 2 0  m L  o �  1 1 J p i n s ee d  s l u r r y i n t o  a 3 0  m L  
C P tl t' i' "°1 -F t. ' tJ 8  � 1  ... : b p 0 n d  C. f:-:'. n ::- r -� f t .. � P  ( :�: ? 0 0  R PM ) f o r  3 0  n1 '1 n u t es ( n o t e  2 )  
0 n� - 2 �  m L  o f  d i c h 1 c r o � o t h a n e  i n t o  a 1 0 0 m l  s e p a r a t o r y  f u n n e l  
a n d  t h p n  D i n e t t e  1 5 m l  o f  t he c er t r � f u g e d  a l k a l o � d  e x t r a c t  i n t o  
lo.. �18 '.3 P �, .::, :- c "7: ,::J r· y -- � _; :': n p ( r· c r: �'? :? � t ci d  _ ,1 :� rn 1... c -f  ! 0 M N e  O H  r.� n d. 
·f 1 . n :, e l  
\/ -�· '.J (� ,..... () 1. .. 1 S '. �/ 
""?"' � P. \J - C .X :· � s ·?< -. k ·:? l 0 ..:.; d :3 ... e :''"' .� ..:; ('\ .:,: 'l t ;,...., P.. b -� ·.·s "i C .� Cl u e. 0 u s :·� P. 0 � u 0'"• 
·r h P. :� ,....'. o !_ � 1-: t -s :: f ·!:'" � ... , e -?. p � :-.. t h e  : t .. : r:! i ;'"': c r., ? � :-: e: + -: o c.: .3 ": 1 y c � . . , � t -i \/ ?- !� e 0 
\/ .9 � . .; e. � ·-=i � �s c· .;.: 1 · )  o · f r-i ·3 :----: ::=i ,-::: :...-:-i r-? p 1-.. :3 l-1 ·:-:) w n :-:- ,::. � 9 : ... 1 :""": .; ·r· o o :-i t 13 � t:-' 
() v p r: "'T p rn �  
::· r, -: t· ...; ?. ; V :� ; \.) �"' 
� n i � ·i r3 l t .: :r: p 
I ' 
I 
(: � :; ·; 
d P. t 8 C. t 0 r 
5 0  
1 2  '.J O  C / ,.,,, .o; ,� 
? 7 0  C 
5 G C  m i 0  ( � o t e 6 )  
() 0 rr i �  
(' '··' 
2 t::: 0 
0"! \ . / rr i n  o f H e  l "1· 1._.: ('", 
... (-. .. 
• • .•
. 
,I 
:> 8 '9  '.,< ;"._.; ,:; d t �] 
Pp- .3 k t- }--l r es h o ": C. 
,-� ,., . . :::: �, >:; . 
N or - Y'1 e -F  
: .. ! :? C ,3 :  R != 
S ,3 rn j) l e a rno 1  ...J n t  
! � t e r n a � s t a n d a r d  a mo u n t  
G S c rn / :"1: � r· 
? -� (J q o 1� e /"'"I  o �  C 
1 G :J 
,") ' () Ll 
r, 
lj 
0 
'·' ( n o t e  '7 '· ( ) 
1 () 0  rn i c r og � � rns 
3 . ?  r a l i b r a t i o n o f  G r  
P r e pa r e  t w o c a l i b r a t i o n 
s o l u t i on ( r e a g e n t  8 )  a s  f o l l ows  
f r o rr, t '1e  a l k .'9 i o -i d  
m i c r o l i t r es n -e i c o s a n e  ( 1  m g /rn l ) i n t e r n a l  s t a n d a r d  
1 0 0 m i c r o � i t r es  o f m i y e d  a l k a l o i d  s t a n d a r d  ( a p o r oy 
6 C rn g / rn ! . .  ) 
L\ "' g t, s t i f o ;  i r, e  
;:.1 -: ;: ·: ha  --- i s o :  t.i 0 � n i � e 
; ... u n .3 n  i n e  
� 3 - hy d r o xy l u pa n i n e  
6 9 p e r c e r, t  
0 . 6  '.) e r- c en t 
.1 5  6 oe r c en t  
il O  ,1 p e r c e n t  
M i xed  a l ka l o i d  s t a n d a r d  h a s  been  a n a l y s e d  a g a i n s t  pu r e  
') ri d -1 \I i ri t.}�-3 1 a ;  k. a  1 o i rl �3 t � n d ,3 :1 d s , 
W i t h  t h e s a m p l e a m o u "' t  s e t  a t  >< 1 0  t o  t he 
�·) ('1 W r_, �- • 0 ;,:; 0 rr, 'i C )""\ C g ""' ,3 rr! S � n t h t:?. �:; � \..,..: p l e t .� b l e t h 8 r 8 ,3. ci O U  t O r.  
t h e s r  t e r � i n a �  w i 1 ,  , � s t  t he p e r c e n t a g e  o f  ea c h  a l k a l o i d  
� o r  d r- y b a s i s  d a t a  t he 
_ J
,  
.,·1
 
·�ty
 
· ·;
 
·: u
 
, _. 
·:O
 
·...J
 
·:.u
 
<
 
· i
 
·: 
,.
 
:T
 
· ·-
' 
."-.i
 
•:U
 
:J
 
'JJ
 
:o 
<J
 
G
 .. 
C
 
-'
 
•T
 
:T
 
_
, 
: J
 
::J
 
! / }
 
] 
. • ., 
:1 )
 
.-
,-,
 
i:
 
•li
 
;. )j
 
•:U
 
.- t
 
. .
I,
 
J
 
.· t
 
·' t
 
')J
 
'ii
 
·t
 
\)
 
\J
 
::) 
:) 
· ��
. 
:�
 
7
 
-· 
. ; 
. .t
, 
J
 
:1)
 
.'J
 
::
 
· -
-' 
_.\
 
�
 
E 
-
r t
 
_..,
 .
-t
 
·::
:, 
J,
 
i)
 
O
 
3
 
. ,.
 '
J)
 
,
�
� 
y
 
J 
T
 
· 
cJ
 
a
 
'T
 
: J
 
=:D
 
: 'l
 
:3 
:1)
 
..!,
 
-�!
 
·-'
· 
J 
C)
 
, -;
· 
:J° J
 
C
 
J 
:J
 
·1
 
. -r
 
=.o
 
_.;
 
li 
·· t
 
_)
 
<lJ
 
0
 
3 
-t
 t
::l
 
•Jl
 
_ ,
, 
T
 
"J 
02
. 
::, 
cY
 
•'. !
 
: .D
 
•).t
 
.:,,
 
•::i
 .. 
:]
 
· 1
 
.J 
:; 
5
 
· li
 
".)
 
JI
 
(0
 
:1
. 
�J
 
1,
 
,o
 
,· - r
 
,:)
_ 
m
 
-i
 
s
 ·J
 
:.1,
 
:, ..
 ) 
, t
 
1! 
,:o
 
· ·i
, 
:3
 
3
 
0
 
.·-r
 
'fJ
 
J,
 
:'"(l
 
,.--
•:U
 
()
 
"3
 
-'
· 
) 
_j
 
,. 
:J
 
>'.)
 
, -t
 
•l
 
:·,
 
. J
 
·= :
J
 
:1)
 
:;�
 
J
 
•j)
 
, . .
. ,
 
•. 1!
 
1 
· t
 
:t
 
JJ
 
.. . ,
. 
_J
 
, )
 
([l
 
. J
 
:J
 
:j)
 
,)J
 
.. I 
' D
 
:J
 
ti
 
, :)
_ 
· .. 3
 
0
 
•.> l
 
- +
,
J
'J
.'"t
 
.. J
, n 
:J
 
- t,
 
'D
 
:�
: 
. J 
· ·J
 
,t
 
CL
 
...
 ,, 
0
 
:,
· ;::i
 
,-t
 
<D 
•D
 
:T
 
"1
 
.J 
,. D
 
-1
• 
Cl
 
J
 
• :O
 
· -t
 
.T
 
,D
 
C l
 
.. ,.
 
J
 
· :
r 
,-t
 
,-t
 
'° D
 
-'·
 
JJ
 
rt
 i:
:-l 
T
 
"J
 
• ) i
 
,-t
 
3
 
· :
r 
:f)
 
•:D
 
,_
 .• 
!..D
 
•'. )
 
J, 
('.)
 
· -,::
 
_. .
, 
nl
 
.: ;
) 
')J
 
.J
 
·:-
) 
· 3
 
:)
 
- � 1
 
<J
 
,-t
 
·· --'
 
. T
 
::D
 
,:D
 
• .l !
 
.. ...J
 ·
y
 
Y:
 
_ .J
, 
• .l !
 
:,1
 
.• J
 
0
 . ,.
 
')J
 
• ::l
 .. 
':;
 
, J
 
·'.I;
 
·i 
::1 
•:U
 
•l!
 
·t
 
_ , 
, J
 
l<
 
. . 
} 
)i
 
L(
 
.J
. 
'f
l 
·­ :.r,
 
'1)
 
I
: 
:D
 
f
 
' 1 )
 
:,­ ··1·
 
0
 
, :)J
 
(J
 .r
 
,:U
 
· 1
 
CL
 
n :J _..,
 
'1
 
J
 
,j)
 -- h
 
C J
 'j ,-t
 
J
 
,:O
 
___
 j 
\J
 -·'·
 
.J
 
,::n
 
· -'
• 
,:-i
 
· - -
1 
•J)
 
:J
 
T
 
. 
)
 
:1)
 
: j)
 
:, ..
 
1) 
·3
 
,:;
) 
·t
 
.J
 
· '."
) 
·: tt
 
CJ
 
,,-j-
-· h
 :
J
 
:J
 
J 
... ,
 
· -i
 
·:. )
_ -'·
 
.•.
 -
· 
·l!
 
,·t
 
3
 
...1
. 
.. J
, 
,,
) 
0
 
.. J
 
,:J1
 
.J
 
·;�
 
·t
 
: :l 
(!)
 
:1)
 
u
 
'fl
 
,-t
 
·- '
· 
'J
 
< 
(0
 
1)
 
J
 
()
 
0
 
. .J
, 
. J 
."J
 
.- 3 
.. ·· t
 
J 
T
 
__ J
. 
,-t
 
•:D
 
.T
 
:'. D
 
3 : :l)
 
0
 
·t
 
< 
.::i­
:'O
 
0
 
::J
 
0
 .. 
,t
 
• :U
 
,1)
 
J
 
:3
 
'1)
 
. ,'.)
 
:1)
 
·t,
 
J 
0
 
::U
 
J
 
,- t
 
,::
 
'JJ
 
·, :] 
,· 0
 
- h
 
· -'
• 
•J
'I 
J
 
•jJ
 
3
 
....J
 ;
]
 
,-t
 
,-t
 
.. .1
. 
= .U
 
3
 ,: o 
•J
l 
s
 
;J
 
,:;
) 
Jj
 
· '""'T)
 
..I 
:J
 
C}
 
,--t
 
< 
,l
i 
. T
 
:1)
 
. 'j
 
1]
 
:J)
 
_!,
 
'j 
· �
 
,:o
 
, n 
... 
•l
 
·:u
 
,:,1
 
t:
.l 
:t
 
:.) 
,:o
 
•::
 
- )
 
' .f
 
,·t
 
,·t
 
·:O
 
J,
 
.J.
 
€
 
J
 
�
 
0
 
�
 
.-t
 
-
J
 
T
�
 
(0
 
K
 
�
 
J 
T
 
�
a
m _J 
::=
 
· t
 
'3
 
J
 
: .D
 
:T
 
, '.)
 
0
 
,'.2
 
) ,)J
 -.i 
··-·
I 
,' .2
. 
::i
-
_ ..
, 
•1 1
 
-'
· 
.J
 
•j )
 
Cl
 
.J
, 
·--
' 
--
l 
1..c
 c
,1 
___
 ) 
:--
-« 
, :u
 
:::s
 
·· t
· 
...J
, 
•l!
 
0
 
if )
 
J
 
,t
 
· -:1
 
�)
 
'1l
 
'.D
 
•:U
 n 
,-t
 
,-t
 
:J
 
-'·
 :x
 
0
 
-'
· 
.J
 
:'.}
 -'·
 
3
 
;-- t
 
C
 
l (
 
.--r
 
f-
" 
0
 
--h 
:')
 
(.)
 
< 
·:; 
- _r
 
.-t
 
:J
J 
•J
 
€
 
: :O
 
·:)
 
,D
 
d
 
,n 
1 
· 1
 
,o 
()
 
:1 i
 
3 
·t
 
. . J
 
·l
i 
a 
J 
,:u
 
:o 
-.)
 
•: U
 
'JJ
 
- ,
 
1 
< 
, :�
-
.. . .
I 
\J
 
')j
 
'-(
 
t:
} 
:--t
 
:'0
 
,: , 1
 
:-.r
 
1 
J,
 :
JI
 
:JJ
 
C)
 
:'D
 
• .n
 
::l
. 
J 
' :D
 
,·t
 
, 1)
 
J
 
.. . ,
 
,·1
· 
: D
 
.:,-:
, 
-t
 
:1 )
 
,:,)
 
T
 
,··t
 
:-.
:, 
• :U
 
� .1
, 
. T
 
__ J
 ·
·­
,fl
 
'<
 
- ,:)
 
::,:
-
' .tl
 
.. )
 
.. - o
 
,},
 
(J
_ J, 
�
 
.. J
 
()
 
C
 
�
 
rt
rt
 
�
w
 1
 
· -
' 
Ji
 
n
 
D
 
,: o 
_
_
 j
 
J ·t
 
:: J
_  t.
(
 
s
 
:Jl
 
0
 
rt
 
3
 
J 
�
 
'{)
 <
 
, :r,
 
•:U
 
:1 )
 
\
) 
•:U
 
, t
 
3
 
·1
 
) 
\j
 
< 
..-o
 
·l
 
:·y
 ·-
' 
'J!
 
< 
(0
 
,:o 
.. J
 
(0
 
•;)
 
..
 
J
 
O
 
,:)
_ 
• D
 
,�t
 
:::)
 
-1
• 
"f
 
:fJ
 
:JJ
 
.. -
J 
_l,
 
.3
 
C
 
,-t
 
-'•
 
,-t
 
.,
. 
rt
 
T
 
J 
T
 
>'.)
 
,:o 
i'.D
 
- i 
,::i
._ 
,:u
 
.-r
 
• J
 
-'
 
..T
 
\l
 
_
, 
,-t
 
_;::
 
'D
 
· ,
 
-'·
 
0
 
• .l!
 
,)
 
--t
 
_
, 
·- i
 
,:,
 
·i 
. :Jl
 
O
 
;)J
 
.... .
 J 
•:O
 
. .. J
, 
·J
 
,:o 
:JJ
 
:3 
o
_  ;;:
:i 
· 3
 
,-
-
::D
 
,-t
 
n
 
0
 
•:\J
 
€
 
:J
 
-�.)
 
+
, 
:,
 ·-
'•
 
J
 
(0
 
.'1
· 
,-t
 
C
) 
Cl
 
.J
 
T
 
::O
 
. :::,
 
0
 
�
 
;'\)
 
_J
 
,· t
 
3
 J
 
.�
.)
 
, :u
 
,-t
 
n 
,:u
 
3
 
. . .
 , 
· J
 
_
y 
·:U
 
- J
 
• :u
 
h 
, :l
. 
.'J
 
J 
,)
 
(L
 
3
 
,:::
 
•]
 
•11
 
· :u
 
n.
 
J 
n 
_.J
 ·
·1
• 
::U
 
�l
. 
(
T 
-1
• 
):::"
' 
:'.1
 
· J
.. 
:.'JJ
 
G
_ 
· )J
 
T
 
:t
 
• J1
 
... ,
 
-
' 
:)
 
T
 
.,
. 
,,1
 
,::1
J
<
, :O
CJ
,J
 
·'·
 
J 
,o 
. ..
 ..I 
G
.. 
:)
 
J 
fl 
·- t
 
:: 
,JJ 
::3
 
: t
 
T
 
, ·-t
 
o'. O
 
-'·
 
;J
 
•1)
 
. .. ,
 
€
 
1·
 
J
 
·::)
 
-; 
J
 
T
 
T
 
--t
 
n 
,:n 
. J
 
,·n 
Ji
 
o 
:J
 
J 
J
 
,:)
 
..J
, 
:' O
 
.-t
 
x
· 
·:n
 
,,1
 
-t
 
.T
 
•: O
 
:;­ ::O 
if) 
•}J
 
)
 
•'. )
_ 
-I
 
, 
.. z.
3
0
 .. 
' fl
 
T
 
,:.
;1 
,J
 
:D
 
:o 
• :U
 
:]
 
-�" )
 
,::i
. 
3
 
- j 
\J
 
;_1)
 
.. 
)
 
•:U
 
::)
 
3
 
.::J
 
;
 
·h
 
--
. -
;1)
 
• :o
 
:,:
· 
-t
, 
6 
:� 
• fJ
 
.J
, 
_
; 
C
 
-'
· 
, 't
 
if
/ 
. 
..I 
,) J
 
,jJ
 
J 
o 
--t
 
n
 
,r
 
·-
'· 
•fl
 
, J
 
•)
 
.. J
 
'),
 
, ::,
 
JJ
 
0
 
'
-· 
O
 
,f
, 
-h
 
,fJ
 
,:o 
,J
 
,- t
 
-'·
 
·' D
 
n 
·-h
 
,-t
 
ti
 
,t
 
-.:
, 
,-t
 
O
 
.T
 
•.)J
 
='D
 
_t
, 
:3
 
,_.
J 
:J)
 
-j
 
, :J._
 
::J 
•1)
 
•:U
 
, )J
 
rt
 
CL
 '
(
 
,:
, 
.--t
· 
. -'
• 
( 0
 
;]
 
,jJ
 
.J
 
·J
 
1 
-t
, 
l
 
'_()
 
1 
:--t"
 
.�J
 
. -.
J 
·-
'· 
t.(
 
• J
 
•1i
 
•1!
 
=i
 
Cl
 
(f
) 
- t
, 
,·· t
 
.J
u,
 
.;
;:: 
: J}
 
:3
 
C
 
.- t
 
. J
, 
_J
 
:x
 
.J
 
::,
 
,-t
 
,:o 
,:o
 
r
 
.. . ..J
 
•: O
 
,-t
 
E
 
:)J
 
_t
 
, '.i)
 
J
 
. ..
 
•'.'
) 
G
 ..
. T
 
,li
 
- ;
 
,:)
_ 
J co 
:li
 
J
 
0
 .. 
,' . •
 ) 
'))
 
·,:i
 
:J
 
-'
, 
__
 .)
 
.-)
 
. ...J
 0
 
'f
l 
,1
· 
...1
, 
·h
 
)
 
....l
, 
, . . t
 
. ...
J 
0
 
- ·-
' 
Cl
 
()
 
�
 
�
 
J
 
_J
 
,t
 
:t
 
J
 
,
 �
 
-t,
 
· -h
 
8
0
 
� 
m 
rr
rt
 
0
 
-
E
 
7
 
,
m
 
� �
 
0
 
rt
 
0
 
u
 
w 00 0 0 0 3 m w n . .I,
 
Q
 
,:r,
 
:J
 --
' 
:t
 
.,
. 
,)
 
.�J
 
, :::
 
·i:,
 
:J
 
.,
 .
.
 
-t
 
t,
 
,1)
 
' )
 
::1
 
J 
·J)
 
· 3
 
,t
 
, J
 
·i
i 
·1
 
.. J
, 
J 
·i)
 
•TI
 
'(
 
_.J
 
-�
 
'-<
 
__ j ,J 
(:1
 
::;
 
' 
•:D
 
0
 
C
 
J
J 
:J
 
•1
, 
C
L 
3
 
<)
 
((j
 
..
 J 
:U
 
D 
::5 - ;_:i
 
_s
 
-'
 
..,,
 
:' D
 
_
, 
.T
 
•l
! 
,f)
 
s
 
(0
 
:0
 
:J
 
·- · t
"i 
0
 
�) ;'j
_ ,,, 0 (:'.) .J, < ::O •), 
z
 
()
 
- -I
 
' T
I 
: J
) 
·- I
 
".)
 
· t
 
:J;
 
:-i,!
 
}
• . :lJ
 
0
 , . G. : .1 1 -,J :'0 · -, CJ , lJ J ." I° .]) ::r, :'0 ,'. ) '0 _j,
 
< ,: o •'.}_
 
· ·· t
 
;-:_
1 
'.)
 
,"t
 
t)
 
T
 
J 
. } 
. t
 
J)
 
· 1)
 
. . r
 
_J
"  
JJ
 
'il
 
. .!
, 
n
 
:,
 
. J
 
. .
 , .  
0
.  
··r
, 
:'.)
 
J.i
 
.}
.  
J 
, ::
 
.,·
t 
'!t
 
+1
 :)
j 
t:!
 
. - -
· .�
-
:11
 
(0
 
'f!
 
:.)
 
· 11
 
·�
. 
:0
 
ij)
 h ::,i
 "l ;()
 
:'.)
 .:F
 
L (
 
. .l)
 
:1)
 
·::
.1 , .)
 ) -1
 
,· t
 
s
 
J
l -j :1)
 
1
, .� r
 
)J
 
'T
I n '.)
 
... (
I ., · .  � .;-;. -�) 
( 1 9 8 2 �! ,  2 5 1  
,, 
. )  
I a b  B oo k  1 0 0 � / 2 7 - 4 2 
5 
(: ,· ·· . .._ ...;:: f? >""" P ;' C 8  � () 8 8  
2 3  F e b r'\ u � r �:' 1 9 9 0  
M F T H O O  S H E E T  
P l a n t  a n d  F e r t i l i z e r  C hem i s t r y Sec t i o n  
Ag r i r. u l t u r i'l l  C hem i s t 1° �1 L .=i bo i0 .=i t o r y  
C he� i s t r y  C en t r e  ( W A )  
D r i'l f t  
[ 1 2 0 ; 2 0 5 ] 
T A,N N I N  D R F  
.d G 9 1  
S C O P E  
T k, f.� t>-=� r• rn 11 -r_. a n n � n I I  r p -f e r �3 t o a 1 l q C) l y p h P n o ·1 ·; c c o rn po u n d s 
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? P 1< J N C T P i ... F 
T h e  m e t h o d  
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H 3 P04  
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( b )  W O R K J N G ,  D i l ti t �, 1 p i3 r t  o f  s t o c k  w i t'. h .:'.I. p a r t s  of w a t e r  i n  a 
b o t t l e  e q u i p pe d  w i t h  a d i s pen s e r  ( e  g .  O P T T F T X )  s e t  t o  2 5  m l . 
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7 P f-<OC f OU R F . 
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6 0 0 0 )  R - s q 1 1 .3 r ed ,::: hou l d  b e  ,=i t l p ,3 s t  O 9 9 9 , Ca l c u l a t e  s a m p l e t ,3 n n i n  
r, "'.' t·• c p n t· 1 1 s i n g a vo l l 1 mp  f ":l c t o r  eq u a l t o : 
5 (1 () X ( l () () / ,3 l i q 11 0 t ) i e 1 1 1 1  1 1  f o r  5 0 m l  a l i q u o t , 
d bf (l , g  
R 2 R e po r t  r es u l t s a s  T a n n i n  ( t o t a l ) a s  t a n n i c  a c i d  
9 .  N O T E :?, 
9 . 1  T he e x t r a c t i on i s  e m p i r i c a l . s o  i t  i s  i m po r t a n t  t o  m a i n t a i n  t he 
v n ·1 1. 1 mp r, ; f f e r' e n t  s a rn p l e/l.J,/ ,3 t e r  t' ,=i t i os e x t r a c t  va r y i n g a mo u n t s  of  
t ":l n n i n  bec a u s e  t a n n i n s  c on d e n s e  I.J,/ i t h  t he p r ot e i n i n  t he s a m p l e .  
A l t h ou g h  t he r e  i s  a n  e x c e s s  o f  p r o t e i n ,  a n  eq u i l i b r i u m i s  p r o ba b l y s e t  
u r::i d 1. • r i n (J t he e x t r ,=i c t i on ,  w h i c h  c h r1 n g es w i t h  t he s a m p l e / 1.J,/a t e r  r a t i o .  
t hu s  c h a n g i n g t h e e x t r a c t ed t a n n i n s  
g 2 Ra p i d 1 J n i f o r m  d i s �e r s a l o f  s a m p l e e x t r a c t  a n d  c o l ou r r e a g en t s  
i n  c o l ou r  f l .o� s ks . , bPf o r e  c o l o 11 r  d eve l o pmen t beg i n s , i s  e s s en t i c) l  
t o  A vo i d  v a r i a t i or\_s i n  c o l ot1 r s t r p n 9 t h a n d  hu e ,  w h i c h  I.J,/ i l l  g i ve 
r0 i s e t o  r o o ,-, s t ,3 n 0 .=i ,' rl c t 1 r ve s  c'l n d  u n r e p r o d u c i b l e  s ,3 m p l e r e s u l t s , 
q 1 Some s o l u t i on s  m i g ht t u r n c l ou d y  d u r i n g c o l ou r d ev e l o pmen t . 
I f  s o  c e n t r i f u g e  t he m  f o r  1 0  m i n u t e s  a t  3 0 0 0  r pm bef o r e  r e a d i n g , 
, O  R F F F R FN C F �-3 . 
1 0 ,  .A 0 . A . C . .  P t h  f. d i t i ri n 1 9 7 5 . 1 f, lt , S S Lt  
• n J p ,-, I I ; \ r \/ '.3 (: C: f'°' �) c; P ( ·1 (� h h ) , \f !'.) l ,1 :=, 1 ":J 5 -- 1 li ?  
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c £ R E A L  F O O D S  
Anion-Exchange Method for Determination of Phytate in Foods: Collaborative Study 
BARBARA F. HARLAND and DONALD OBERLEAS 1 
Howard University, School of Human Ecology, Washington, DC 20059 
c,,!laborators : R. Ellis; J. Gelroth ; D. Gordon; K. Phillips; G. Ranhotra; B .  G. Shah; B .  Stoecker; K. D. Trick; J. Zymonas 
l'hitale , a naturally occurring organic compound found in plant seeds, 
nw;ts, and tubers, was determined in a collaborative study using a 
modified anion-exchange method. Seven samples (peanut flour, oats, 
ricr, isolated soy bean protein, a vegetarian diet composite, wheat bran, 
and whole wheat bread), supplied as blind duplicate samples, were 
•nah·zed in triplicate by 7 collaborators. Phytate concentrations in the 
.,.111�1es ranged from 2.38 to 46. 70 mg/g. Relative standard de\iations 
, KSI> = CV) for repeatability ranged from 2.S to 10.1 % , and for 
rq,roducibility, from 4.S to 1 1 .0% . The method has been adopted 
oniri11I first action. 
l ,111\umption of plant proteins has increased as a result of 
,\n i.:lopments in food technology and an expanding need for 
ks, expensive sources of protein. The nutrient contribution 
,•I these plant foods must be assessed to ensure that the 
"'h\tituted plant-derived foods provide nutrients equivalent 
\,, 1hose in the animal protein foods they replace. In addition, 
1!,c :rntrients must be bioavailable. Certain plant components, 
f\pn:ially phytate , decrease the bioavailability of a number 
111 111incrals ( 1-3) .  Phytate (myoinositol l ,2,3,5/4,6-hex­
.,�1,!d1hydrogen phosphate) (4)), a naturally occurring organic 
, "mround found in plant seeds, roots ,  and tubers, by binding 
'"'nn:1!, necessary as cofactors, interferes with several 
• •.,rn1 1a l metabolic processes, namely the utilization of pro-1rn1 I � .  Ii). A simple , inexpensive , reliable method for mea­
"11 111� phytate in foods is necessary to gain a better under­,,.111,lin!! of its significance in biological systems. 
I 11 1 1 '  r,:,ent!y. the �tandard procedure for the determina­,, ,n uf phytate depended on precipitation of a phytate-iron 
• "111pln 1 7 1 . which was not detectable at concentrations below '' 1 ' ;  lhl· authors published a procedure for phytate deter­"·1 1 ' -" 10n 1 8 1 . using an anion-exchange column separation, 
' • : . ,v.n\ tv, ,1cid hydrolysis to l iberate inorganic phosphate, 
• . , . I i " m..:a�ured spectrophotometrical ly .  This method was 
s ' q  I IH1<\ ifj,:J �lightly by Ellis and Morris (9. 10) to improve · • . , '-• 1 1, 1 1 1 , i ty  at low concentrations ofphytate. This modified 
' : L . ,, 1 " "' collaboratively studied. 
Collaboratin Study 
' · ' : ,n o. :,n i,ln-exchange method was tested by 7 collabo­
"11 - '. ,loJ ,amples that wer,c supplied as blind dupli-
1 ""d ,amples wer..: \\ ho[e ·,wheat bread, A and D:  
' ' " · 1  1 1· · 1 ' . G and K:  peanut flour, F and J ;  uncooked, , , , H · : · · 1 1ll· . . and L isolated soybean protein, B and C :  a 
·'. 1 · ' 1 1 d i ..:t composite .  '.\1 and O ;  and Waldron wheat : ·•nd I .  The whole wheat br'.'ad. o3t , .  peanut flour. 
, · . :;:red ient s for the , egetarian diet ,,.:.re purchased · ·  · ' " •<I ' ,ire in the Washington, DC . area. The bread 
.
' ' ' 1 1 " 1  ri ·ihl i •. :atiun Septt=mb�r I' 1985 
, ·· ,1 · ( l f  ·t . ... -· - · . . , ., . \l : '.'. A,
s<,c ;a:e Referee v. as presented a: the 99th AOAC Annual 
· · : · : r : i•·�,�
ing . 0-:�. 2 .. -3 1 .  l 9h5.  at \Vashington. DC. 
•
. . . ", : 
·
; ''
1"'" ofihe As,ociate Referee wa, arproved by the General · '" ' . r · : ·\ 
�t
mmittee on Fo0d\ II and wa!'- adopted by the Association . 
.,., '.� 1
)\. · t:ft: · i::t.: ;1nC Cl,r;;n11ttee reports,  J. Assoc. Off. Anal Chon. ' "'tk . ,  I ' 
,.; ,11,:1,./�.
1�t.:.'. '.1 :) . Department of Education. Sutritiun. and Restaa· '· · · C ol\cge of Home Economics, Lubbock,  TX 79409. 
was broken into small pieces , freeze-dried, and blended to a 
uniform mixture. The quick-cooking oats were blended to a 
fine powder. Peanut flour was used as purchased. The rice 
(enriched, polished) was ground in a Wiley mill to a uniform 
powder. The isolated soy protein (Soy Assay Protein, Cat. 
No. 160480) was purchased from Teklad, Madison, WI. The 
vegetarian diet was prepared according to the recipe in ref. 
1 1 ,  freeze-dried , and blended to a uniform powder. The Wal­
dron wheat bran was purchased from USDA Spring and Dur­
ham Wheat Quality Laboratory, North Dakota State Univer­
sity, Fargo, ND 58105. 
After the foods were prepared, they were packaged in 12 
g portions and placed in mailing pouches. In addition to the 
samples, each collaborator received: 
(]) 100 mL P standard solution (80 µ.g/mL). 
(2) 20 g AGI-X4 100-200 mesh anion-exchange resin, all 
from the same lot. 
(3) A 10 mL solution of sodium phytate containing approx­
imately 180 µ.g P/mL to be used to check uniformity in 
the digestion procedure. Sodium phytate, 1 .0806 g (Sigma 
Chemical Co., 97% pure, 15% water, Lot No. 1 18C-
0069, Cat. No. P-5756), was dissolved in 50 mL water• 
This solution (12.5 mL) was placed in a 250 mL volu­
metric flask and diluted to volume with water. 
(4) A sample of American Association of Cereal Chemists 
wheat bran to use as an internal standard. The concen­
t ,'ltion of this standard is 3 ± 0.2% phytate. 
(5) A list of AOAC General Instructions to Collaborators. 
(6) A copy of the method, a data record sheet, and instruc­
tions to analyze each of the 14 samples in triplicate. 
(7) A return postcard so that study directors would know 
that the samples had arrived promptly and were in 
acceptable condition. 
The statistical analysis of the data was performed according 
to Youden and Steiner (12). 
1 4.B01 
Phytate In Foods 
Anion-Exchange Method 
First Action 
Prine/pie 
Phytate is extd from duplicate samples of dried food� using dil . 
HCI. Ext is mixed with EDTA/NaOH soln and placed on an ion­
exchange column. Phytate is eluted with 0.7M NaCl soln and wet­
digested with mixt . of concd HNOJH,SO, to release P. v. hich is 
measured colorimetrically .  Ami of phyldit: in original samp:c 1s 
calcd as hexaphosphate equiv. 
14.B02 Apparatus 
la) Glass barrel columns.-0.1 x 1 5  cm. equipped with valve 
1 Econo-columns. Bio-Rad Laboratories. or equiv. ). 
(h l  Anion exchange resin.-AG I -X4, 1 00-200 mesh, chloride 
form ( Bio-Rad Laboratories) .  Check resin (according to method 
bclow) by measuring recovery of purified Na phytate. 
(c) Micrv-Kjeldahl ftasks.-100 mL. or 25 x 200 mm digestion 
tubes. 
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Table 1 .  Collaborative results for determination of phytate (mg phytate/g sample) I n  bllnd dupllcata samples 
Bread, whole Rice, unckd, 
wheat Oats, ground Peanut flour ground 
Coll. A D G K F J H L 
3 4.05 4.23 1 1 .48 1 1 .31 19 . 15 1 8.40 2.83 2.71 
4.16 4.08 1 1 .35 1 1 .31 1 8.97 18.70 2.82 2.68 
4.15 4.21 1 1 .64 1 1 .26 18.81 1 9.06 2.80 2.80 
4 3.67 3.64 10.25 9.34 1 8.91 1 8.44 2.57 2.51 
3.71 3.55 1 1 .20 1 1 .66 1 8.95 18.21 2.90 2.67 
3.72 3.60 10.30 10.71 18.98 18.10 2.61 2.69 
5 3.78 3.80 1 1 . 1 3  1 1 .08 1 9.41 18.57 2.46 2.52 
3.93 3.85 1 1 .46 1 1 .60 19 . 17  1 8.87 2.92 3.00 
4.23 3.88 1 1 .62 1 1 .37 1 9.17 19.03 2.78 2.75 
6 3.37 3.69 10.63 1 0.26 1 8.00 1 7.46 2.65 2.47 
3.49 3.65 9.99 10.68 1 8.43 1 7.59 2.71 2.65 
3.79 3.62 1 1 .03 1 0.65 15.55 18.28 2.74 2.69 
7 3.88 3.85 1 1 .23 1 1 .44 17.22 1 9.05 2.59 2.73 
3.61 3.82 10.93 1 1 .50 1 7.46 1 8.88 2.76 2.95 
3.90 4.01 1 0.62 1 1 .00 1 7.49 19 . 17  2.83 2.65 
8 4.60 4.64 1 1 .04 1 0.06 1 8.39 18.88 2.76 2.79 
4.70 4.34 1 1 .21 1 0.65 1 5.61 18 .33 2.79 2.38 
3.34 4 .17 1 1 .08 1 1 .33 15 .58 18.1 5 2.89 2.38 
9 3.85 3.81 1 1 .69 1 2.32 1 7.14 1 4.65 2.76 2.83 
3.76 3.86 1 1 .48 1 1 .01 17 .38 1 7.83 2.88 2.83 
3.76 3.75 1 0.51 1 0.89 1 7.1 1 1 8.08 2.80 2.73 
Av. ± SO 3.9 ±0.31 1 1 .0 ± 0.56 18.2 ± 1 .04 2.7 ±0.15 
(n = 42) 
Soy. isolated 
Coll. B C 
3 1 6.69 1 5.94 
1 6.30 16 . 14 
1 6.16 1 6. 16 
4 1 5.27 1 5.74 
1 8.23 17.83 
16.90 1 6.67 
5 15 .84 15.45 
1 5.84 15 .53 
1 5.73 1 5.75 
6 1 5.38 1 5.29 
1 5.92 1 5.92 
1 6.05 1 5.56 
7 14.82 14.36 
14.90 14.78 
1 5.72 14.76 
8 1 6.35 1 5.58 
1 5.92 16.28 
1 7.52 1 6.38 
9 1 4.82 1 5.39 
1 5.21 1 5.36 
1 5.27 1 5.36 
Av. = SD 
(n = 42) 15.8 ± 0.80 
(d)  Micm-Kjeldah/ digc.11ion rack . 
le) Spenroplw1omc1er.-To read at 640 nm. 
14.803 Reagents 
' ta) HCl-2.4r; .  :\dd ,4 mL HO to I L vol .  flask and dil .  to vol. 
with H,O. 
• (b)  .\'aC/ so/11.1 .-0 . I  and 0 .7M. 
(c)  Pho,plw1,• J td so/11 .-80 µg/mL. Weigh 0 . 350 g dried , desic­
cated K acid phosphate (primary std) into I L vol. flask. add ea 500 
ml. H,O c::id 10 niL ION H,S( ) , .  and dil. to vol . with H,O.  
,J I  .\lol_, i>da1,· .1oi:, .-2 . 5'lc ammonium rnuiybdate in IN H,SO,. 
D1,solvc: 1 2 . 5  g ammonium mnlybdatc in 200 mL H,O. Transfer to 
500 mL vol . flask. add 50 mL ION H,SO,, and dil. to vol . with H,O . 
Stable. 
te) Su(l,,nic acid reagen t I /-amino-2-naphtlwl-4-.wlfonic acid).­
Dissolve 0 . 1 6  g l -amino-2-naphthol-4-sulfonic acid. 1 .92 g Na,S03 • 
and 9.60 g :\aHSO, in 90 mL H,O . Quant . transfer to 1 00  mL vol . 
flask .  Heat to dissolve if necessary. Dil . to vol . with H ,O.  (Store 
in brown bottle in refrigerator. Prep.  fre�h weekly . )  
.. tfl  S,,,EDTA-SaOH rca,1.'etl l .-ln 250 m L  flask. stir 10 .23 g"l 
Vegetarian diet Wheat bran, Waldron 
M 0 E 
4.1 5 4.1 5 45.44 46.70 
4.15 3.97 45.98 44.82 
4.06 4.10 44.29 45.50 
3.76 3.79 34.n 37.50 
3.83 3.80 35.27 39.87 
3.80 3.80 39.1 1  35.62 
3.80 3.81 43.03 43.20 
3.89 3.74 44.85 43.58 
3.80 3.62 46.70 43.21 
3.56 3.62 40.28 42.10 
3.74 3.71 43.44 42.10 
3.71 3.86 42.39 43.76 
4.04 3.95 39.04 40.02 
3.93 3.99 38.65 40.27 
3.99 3.96 38.32 40.02 
3.86 3.72 44.24 44.75 
3.69 3.72 43.58 45.10 
3.51 3.82 43.54 44.75 
3.70 4.1 6  36.89 37.71 
3.94 4.53 34.24 38.18 
3.82 4.57 38.09 37.71 
3.9± 0.22 41 .4 ± 3.50 
14.804 Preparation of Phosphate Standard 
Adjust spectrophtr to 640 nm. and equilibrate �15  min. 
Pipet 1 .0. 3 .0. and 5.0 mL P std soln into 50 mL vol. flasks. 
ea 20 mL H,O. Mix thoroly .  Add 2 mL molybdate soln. Mix 
Add I mL sulfonic acid ,oln . Mix well. Dil . to vol. with Hz<) . .  
well. Wait 1 5  min. and read in spectrophtr at 640 nm. Calcns . 
typical std curve: 
Std ,oln .  110 µg P 'mL 
mL �.d µg p ,\ Concn/A (� 
1 .0 XO 0 . 1 1105 443.2 1  . ;l 
:i .o 240 0.5 1 6  465.12 · . 
5 .0 400 0.852 469.48 
. .  Mean K . .  
14.805 
�a,EDTA 10 . 1 I M )  and 7 . 5  g NaOH (0 . 7"Ml .  Dil .  to vol . with H,O.  j 
Stable. � 
Accurately weigh ea 2 . 0000 g sample and place in 12.S 
erlenmeyer. Add 40 mL 2 .40; HCI < 20 mL of 2 .4<;;- HCVg 
Cover flask and shake vigorous!� 3 h at room temp .  
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\ 1t. , n" h i l e .  rrep. co lumns .  Add 3 mL H,O to emp1 1· mounted 
, , , I L : ·.nn .,nd then pour H,O slurry of 0.5 g resin i nto column. After 
" ' " '  t,,J has l<irmed .  wash column with 15 mL of 0 . 7M NaCl . 
11 ., , h  ,,• l umn wi th 15 mL H,O. 
i;,-1111" e ,amrle from shaker and filter with vac . thru What man 
,, ,  1 r:1rer .  Samrle ext is  stable at least I week if refrigerated . 
• l ' r ,r bl;1nk by mi�ing I mL 2.4'7r HCI with I mL  Na,EDTA­
s .,< l l  l reagen t .  d i l .  to 25 mL with H,O, and pour mixt .  onto column. 
1 ·, r,· 1 I ( )  mL filtrate into 25 mL g-s graduate .  Add 1 .0 mL 
, , 1 1 l I \-\aOH reagent . Dil. to  :?5 mL  with H,O. Mix and quan t .  
. , , . , ! <' ,  , , ,  ,·,, lurnn: d i,card eluate. Elute with 1 5  mL H,O: discard 
, , , . , , ,- 1 t , 1 ,c " i 1 h  1 5  mL 0. 1 M NaCl : d iscard eluate . Elute with 1 5  
. . 1 1 1  · .\ t  \aCI : collect this 0.7M fraction i n  digestilln vessel. Add 
1 1 , , 1 1 1 1 1 _.Sll, anJ 3 .0 mL HNO, to flask. Add 3 glass beads. Before 
_,.1,1 1 11� lll' \I ,ample to column, pour 15 mL H,O thru column. After 
1 "n-k "' , samples, discard old resin and replace with fresh resin. 
1 111-.-,1 under hood on micro-Kjeldahl rack over medium heat unti l 
" ' " .- i,,,ding ceases. and cloud of thick yellow vapor fills neck of 
r!. , ·- �- I k.1 1 L",intents 5 min more on medium heat. 5 min on low 
1,, .,1 . 1 lir11 1 1 1rn off burner. 
11 lll'n 11."k " rnol. add ea 10 mL H,O, swirl . or heat flask on 
'·"' 1 , - , 1 1 1 1 ,cuing if necessary to dissolve salt .  Continue heating 
fl.d. "" I,•" 1onp. 10 min. Let soln cool . Quant. transfer soln to 
· , ,  , , , 1  ' "I lb,k .  Add :?.O mL molybdate soln :  mix well. Add 1 .0 
. , , ,  - 1 1 1 1""" ·"· ,d reagent: mix well .  Dil . to vol . .  mix wel l ,  let stand 
1 ·- 111111 .111.l 1 L"ad .4 at 640 nm. Cale. phytate concn in food or feed: 
1 · 1 , ,  , . , , , · . m;: !! ,amrle = · ·mean K" x A x :?Oi(0.282 x 1000) 
•• ;,. ,, I . ,h"•rhan.:e: "mean K" = std P (µg)/A/n (stds) : phytate 
-� . . . I ' 
Results and Discussion 
l<n1 1 l i - "r 1 8  analyses (results were received from only 6 
· . ill., l i ,1 1 ;1t i 1r,J ,if the sodium phytate solution, which was sent 
'" ' '" , , ilbh,,rators for checking uniformity of digestion pro­
. , . 1 , 1 1 1' \ ,  , 1 1 1 ,wcd a mean of 177.2 µ.g P/mL, with a standard 
·1• "" ' '"" < SDJ nf 4.88. Results of 10 analyses of the AACC 
" '11· ., 1 h1 ;1 1 1  ,upplicd as an internal standard showed a mean 
' "'" • 11 l 1 .,t u1 1 1  uf � . I I  :!: 0. 1 3% (SD). 
1 .i 1 , 1r I , 1 1 1  ''" collaborators' results for determination of 
1'1" , .,1.- 1 1 1 1 1 1 <" 1 1 1  ot t he  plant food samples, which ranged from 
· ·� "'� r '" "d' to 46 . 70 mg.lg in Waldron wheat bran . Results 
'1 '"' 1" ,. i , 1 : r 1  ,ktnniinat ions are shown as well as the overall 
"" "' •11 1. I  ·. 1 . , 1 1d : ird dc,· iation for each food . 
Table 2 shows the range of values reported by all labora­
tories for each sample , and the repeatability and reproduci­
bility relative standard deviations (RSDs; RSD = CV). The 
highest reproducibility RSDs occurred in the determination 
ofphytate in Waldron wheat bran (9.9  and 1 1 .0%). The RSDs 
were lowest in oats (4.5 and 5 .8%). All sample analyses resulted 
in acceptable RSDs with the exception of those on Waldron 
wheat bran, which contained the highest amount of phytate 
(4 1 .4%, duplicate samples E and I). The Waldron wheat bran 
was selected especially because the authors wanted to test a 
product at the uppermost level of naturally occuning phytate . 
Most foods commonly contain between O and 3% phytate . 
An extra dilution between digestion and color development 
may be necessary for those samples containing large concen­
trations of phytate. 
Table 3 shows the combined means for each of the analyzed 
foods and the rank of each laboratory for each food analyzed. 
The anion-exchange method used for determination ofphy­
tate in this collaborative study meets the criteria of rapidity, 
simplicity, reproducibility, and accuracy. It is sensitive at the 
lower limits of detection and otherwise compares favorably 
with the iron precipitation method, which has been used for 
determination of phytate for approximately 50 years (7). 
Table 2. Ranges and relative standard deviations for collaborative 
rault9 
RSD, % 
Range, 
Sample mg/g Repeat. Reprod. 
A Bread, whole wheat 3.34-4.70 8.2 9.0 
D Bread, whole wheat 3.55--4.64 2.8 7.5 
G Oats. ground 9.9�1 1 .69 3.7 4.5 
K Oats. ground 9.34-12.32 5.5 5.8 
F Peanut flour 1 5 .58-19.41 3.5 6.5 
J Peanut flour 1 4.65-1 9.17 4.2 5.4 
H Rice, uncooked, ground 2.46-2.92 4.6 4.6 
L Rice. uncooked, ground 2 38-3.00 5.8 (, . 1  
B Soybean pro., isolated 14.82-18.23 4.3 5.5 
C Soybean pro .. isolated 1 4.36-1 7.83 2.9 4.9 
M Vegetarian diet 3.51-4.15  2 .5  4 .6  
0 Vegetarian diet 3.62-4.57 2.8 6.9 
E Wheat bran. Waldron 34.24-46.70 3.7 9 9  
I Wheat bran. Waldron 35.62-46.70 1 0. 1  1 1 .0 
Table 3. Youden rank-aum test:• average found (mg phytateig aample) and rank for each collaborator 
, n • • · ; , , 1 -
! 1 , , . .  , •  � · • · . 1 '.  
. ,, , .. 
l · nq•  . '  , , , . ,  
1 1 , 1'1 , ... 
" ll  •
. , , •  
I, . e :, • 
'1 •. � -. 
. . • ·  • I 
' 111 -. • · "',( r ined 1 '  
3 4 5 
4 1 4  3 65 3.91 
E 2 5 
1 1 39 1 0  58 1 1 .38 
7 2 6 
1 8 85 1 8 60 1 9.04 
6 5 7 
2 78 2 66 2.74 
6 2 4 
1 6  23 1 6./8 1 5  69 
5 7 4 
4 1 0 3.80 3 78 
6 4 3 
�5 46 37 02 44. 1 0  
7 1 5 
43 23 34 
No of laos 7 
Critical low value 1 4  
ref 1 2 .  
Collaborators 
6 7 8 9 
3 60 3.84 4.30 3.80 
4 7 3 
1 0 54 1 1 . 1 2  1 0.90 1 1 .32 
1 4 3 5 
1 8  06 1 8.21 1 7.49 1 7 03 
3 4 2 1 
2.65 2 76 2.66 2 80 
5 3 7 
1 5 .68 1 4 .89 1 6.34 1 5.24 
3 1 6 2 
3.70 3.98 3.72 4. 1 2  
1 5 2 7 
42.34 39 38 44 .33 37 . 1 4  
4 3 6 2 
1 4  26 29 27 
No. of foods 7 
Critical high value 42 
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Recommendation 
It is recommended that the anion exchange method for 
determination of phytate in foods and feeds be adopted offi­
cial first action. 
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M ETHOD  S H E E T  
P l a n t  a n d  F e r t i l i z e r  C h e m i s t r y  S e c t i o n 
A g r i c u l t u r a l  C h e m i s t r y  L a b o r a t o r y  
C h e m i s t r y  C e n t r e  ( WA )  
D r a f t  
[ 1 2 0 , 2 0 5 ]  
OL I G O . DR F  
1 5 . 7 . 9 1 
C E R E AL G RA I N S AND L EGUME  S E E D S  - OL I GO S AC C HAR I D E S  - H I G H P RE S S UR E  
L I Q U I D  C HROMATOGRAPHY ( HP L C ) M E THO D . 
1 .  S C O P E  
T h e  s um o f  S t a c h y o s e  a n d  R a f f i n o s e  i s  r e p o r t e d  a s  O l i g o s a c c h a r i d e s .  
T h i s  m e t h o d  i s  s u i t a b l e  f o r  a l l c e r e a l g r a i n s  a n d  l e g u m e  s e e d s  f r o m  
wh i c h  f a t  a n d  o i l  h a v e  b e e n e x t r a c t e d . 
2 .  P R I NC I P L E  
E x t r a c t i o n  o f  ma t e r i a l  w i t h  d i l u t e  e t h a n o l . Remo v a l o f  e t h a n o l b y  
e v a p o r a t i o n .  M a k i n g  t o  v o l um e  wi t h  wa t e r . F i l t r a t i o n o r  c l a r i f i c a t i o n . 
I n j e c t i o n t o  D e x t r o p a k  c o l umn w i t h  wa t e r s o l v e n t . 
3 .  S A F E TY 
M e t h a n o l s h o u l d  b e  h a n d l e d  o n l y  i n  a f u m e h o o d  wh i l e  w e a r i n g  p l a s t i c  
g l o v e s . 
4 .  R E A G E N T S  AND MATE R I AL S  
4 . 1 E t h a n o l : wa t e r 7 0 : 3 0  v / v . 
4 . 2 M e t h a n o l ,  C HROMAR g r a d e . 
4 . 3 D o u b l e - d i s t i l l e d  M i l l i p o r e - f i l t e r e d  wa t e r . 
4 . 4  C a r r e z  r e a g e n t  1 .  S e e  C HO . D R F . 
4 . 5 C a r r e z  r e a g e n t  2 .  3 0 g  Z n S 04 . 7 H 2 0  / l O O m L  wa t e r .  
4 . 6 C e n t r i f u g e  t u b e s , p l a s t i c  o r  g l a s s ,  l O O mL . 
4 .  7 C e n t r i f u g e  t u b e s ,  p l a s t i c ,  1 5 mL . 
4 . 8 3 0 m L  c a p p e d  g l a s s  v i a l s .  
4 . 9 2 5 0 m L  r o u n d  f l a s k s . 
5 .  S TANDARD S .  
S t a c hy o s e  a nd Ra f f i n o s e ,  5 0 0 , 1 0 0 0 , 2 0 0 0 , 4 0 0 0  u g / mL . W e i g h  4 0 0 m g  o f  
e a c h  i n t o  a l O Om L  f l a s k  a n d  m a k e  t o  vo l ume ; 4 0 0 0 u g / m l . T a k e  5 0 . 0 m L  
o f  t h i s  i n t o  a l O O mL f l a s k  a n d  m a k e  t o  v o l um e ; 2 0 0 0 u g / mL .  T a k e  5 0 . 0 m L  
o f  t h i s  i n t o  a l O O mL f l a s k a n d  m a k e  t o  v o l ume ; l O O O u g / mL . T a k e  5 0 . 0 m L  
o f  t h i s  i n t o  A l O O M L  f l a s k  a n d  m a k e  t o  v o l um e ; 5 0 0 u g / m L .  
6 .  AP PARA T U S  
6 .  1 R o t a r y  e v a p o r a t o r s . 
6 . 2  Wa t e r  b a t h  a t  6 5 d e g . 
6 . 3  H P L C  u n i t  w i t h  d e x t r o p a k  c o l umn a n d  m i c r o p r o c e s s o r . 
7 .  S AM P L E  PRE PARAT I O N  
7 . 1 M i l l  s a mp l e s t o  p a s s  a 0 . 5 mm s c r e e n . 
7 . 2  Q u a n t i t a t iv e l y  e x t r a c t  f a t  f r om s a mp l e s  ( Re f . 1 1 . 1 ) .  
8 .  P RO C E DURE 
8 . 1 W e i g h  a b ou t  l g  s a mp l e  i n t o  1 0 0  m L  c e n t r i f u g e  t u b e s . A d d  5 0 m L  
R e a g e n t  4 . 1 .  Vo r t e x - m i x .  E x t r a c t  a t  6 5 d e g  f o r  3 0  m i n u t e s . 
C e n t r i f u g e  a t  3 5 0 0  r pm f o r  1 5  m i nu t e s .  D e c a n t  i n t o r o u n d  f l a s k s .  
8 . 2  R e p e a t  8 . 1 t w i c e  t o  c o l l e c t  a b o u t  1 5 0 m L  o f  e x t r a c t .  
8 . 3  E v a p o r a t e  t h e  e x t r a c t  a l m o s t  t o  d r y n e s s  a t  4 0 d e g  u n d e r  p a r t i a l  
v a c u u m  ( ROTAVAP ) .  NOTE 1 0 . 1 .  
8 . 4  T r a n s f e r  t h e  r e s i d u e  f r o m  8 . 3  t o  a 2 5 m L  v o l u m e t r i c  f l a s k  t o  
wh i c h  0 . 4mL C a r r e z  r e a g e n t  1 h a s  b e e n  a d d e d . M i x . A d d  0 . 4  m L  C a r r e z  
r e a g e n t  2 .  M i x .  M a k e  t o  t h e  m a r k  a n d  t r a n s f e r  t o  a 2 5 m L  c a p p e d  v i a l . 
R i n s e  t h e  v o l um e t r i c f l a s k  t o  u s e  f o r  t h e  n e x t  s am p l e . 
8 . 5 C e n t r i f u g e  t h e  s o l u t i o n s  f r om 8 . 4  f o r  1 0  m i n u t e s  a t  4 0 0 0  r p m .  
T r a n s f e r  t h em t o  H P L C  v i a l s .  P u t  t h e s e  i n  numb e r e d  p o s i t i o n s  o n  t h e  
c a r o u s e l  w i t h  s t a n d a r d s  a t  e a c h  e n d , a n d  i n  t h e  m i d d l e ,  o f  t h e r u n . 
8 . 6  T u r n  o n  t h e c o mp r e s s e d  a i r  f o r  t h e  W I S P  H P L C  s y s t e m .  T h e  
p r e s s u r e  g a u g e  s h o u l d  r e a d  a t  l e a s t  2 0 0 . 
8 . 7 Tu r n  o n  t h e  s y s t em B E FORE t u r n i n g o n  t h e  c o mp u t e r t h a t  d r i v e s  
i t . T u r n  o n  t h e  c�mp u t e r a n d  f o l l ow i n s t r u c t i o n s  a s  t h e y  a p p e a r . 
S e l e c t  WAT E R S  E X P� RT S Y S T EM S . S c r e e n  i s  r e d  f o r  s y s t e m 2 f o r  
o l i g o s a c c h a r i d e s . T h e  s c r e e n i s  b l u e  f o r  S y s t em 1 .  
8 . 8 . S e l e c t  QU I C K  S E T . S e l e c t  LOAD M E T HO D . M e t h o d  i s  O L I GO . 
8 . 9  T r a n s f e r  t h e  s o l v e n t  u p t a k e  t u b e  f r o m m e t h a n o l  t o  d o u b l e - d i s t i l l e d 
w a t e r . S e l e c t  Q U I C K S E T  CONTRO L . S e t  f l ow r a t e  t o  l mL / m i n u t e .  
8 .  1 0  E X I T .  S e l e c t  DE S C R I PT I O N . DO . E X I T . E n t e r  s t a n d a r d s a n d  s a mp l e s  
a g a i n s t  c o r r e s p o n d i n g  v i a l  numb e r s .  E X I T .  
8 .  1 1  S e l e c t  B A S E L I NE MON I TOR a n d  l e t  t h e  s y s t em f l o w u n t i l  t h e  
b a s e l i n e  i s  s t r a i g h t  a n d  l e v e l a t  a b o u t  z e r o  mV . O PT I C A L  Z E RO o n  
t h e  r e f r a c t o m e t e r  a d j u s t s  t h i s  ( NO T E  1 0 . 2 ) . 
8 . 1 2  Run a s e t  o f  s t a n d a r d s  t o  f i n d  t h e  r e t e n t i o n  t im e s  f o r  
s t a c h y o s e  a n d  r a f f i n o s e .  T h e s e  d e p e n d  o n  a mb i e n t  t emp e r a t u r e  a n d  
c o l umn h i s t o r y .  S e l e c t  C A L I BRAT I ON t o  c h a n g e  t h e  t i me s i f  n e c e s s a r y . 
8 . 1 3 S e l e c t  RUN 
1 i n j e c t i o n ,  5 0  
t o  b e  s a mp l e d .  
M ETHOD . ' S a mp l e  n a m e ' n a m e s t h e  who l e  b a t c h . S e l e c t  
m i c r o l i t r e s ,  1 5  m i nu t e s  r u n  t i me . S e l e c t  t h e  v i a l s  
E X I T  b e g i n s  t h e  r u n . R e s u l t s  w i l l  b e  p r i n t e d . 
PRO C E S S I N G  O F  DATA 
8 . 1 4 .  S o me t i me s d u r i n g  a r u n  t h e  b a s e l i n e  w i l l  d r o p  b e l ow t h e  
b o t t o m o f  t h e  c h a r t  r a n g e . S e l e c t  R E PORT M ETHOD t o  c h a n g e  t h e  r a n g e . 
S e l e c t  L C  R E P ROC E S S ,  t h e n  P R I NT RE PORT . 
8 . 1 5  O f t e n t h e  b a s e l i n e  w i l l  b e  d i s t o r t e d a n d  b ou n d a r i e s  b e t w e e n  
p e a k s  w i l l  b e  i n c o r r e c t l y  d r awn . S e l e c t  L C  R E PROCE S S , t h e n  S C ANNE R .  
E n t e r  t h e  s a mp l e  n a m e  a n d  v i a l numb e r . 
8 . 1 6  F i n d  wh e r e  t h e  b a s e l i n e  s h ou l d  b e  f o r  t h e  p e a k s  r e qu i r e d  a n d  
p r e s s  I N S E RT HERE . F i n d  t h e  s t a r t  o f  a p e a k  a n d  p r e s s  S E L E C T . F i n d  
t h e  e n d  o f  t h e  p e a k  a n d  p r e s s  F I ND . Wh e n  s a t i s f i e d ,  EX I T .  S e l e c t  
PR I NT RE PORT . E n t e r  t h e  n e x t  v i a l  numb e r  f o r  r e p r o c e s s i n g . 
9 .  C A L C ULAT I N G  AND R E PORTI NG FORMAT 
9 .  1 Wh e n  s a t i s f i e d w i t h  f i gu r e s  f o r  p e a k  a r e a s , u s e  t h e  E p s o n HX 2 0  
( G OTO 6 0 0 0 )  t o  c a l c u l a t e  a p ow e r  ( l o g - l o g ) r e g r e s s i o n  f o r  s t a n d a r d s , 
a n d  t o  c a l c u l a t e  s a mp l e % o l i g o s a c c h a r i d e s  o n  a d r y  o r  ' a s r e c e i v e d ' 
b a s i s ,  t a k i n g  i n t o  a c c ou n t  t h e  f a t  e x t r a c t e d  f r o m  t h e  s a mp l e s a n d  t h e  
wa t e r  o f  c r y s t a l l i s a t i o n ( s e e  WC F )  i n  s o l i d  s t a c h y o s e  a n d  r a f f i n o s e . 
% s t a c h y o s e  o r  r a f f i n o s e  i n  s amp l e  
p pm i n  e x t r a c t  x 2 5  x WC F x { ( 1 0 0 - % f a t ) / 1 0 0 }  
s amp l e  w t . x 1 0 0 0 0  x d r y b a s i s  f a c t o r  
W C F 0 . 9 1 3 7 f o r  s t a c h y o s e  a n d  0 . 8 4 8 5 f o r  r a f f i n o s e . 
T h e  p r o g r am c omp u t e s  t h e  f a t  f a c t o r  f r om t h e  p e r c e n t  f a t  ( a s  
a n a l y s e d  o r  a s  r e c e i v e d ) f i gu r e  e n t e r e d . 
1 0  NOT E S  
1 0 . 1 S om e  e x t r a c t s  m a y  f r o t h s u d d e n l y ,  c au s i n g  s amp l e  l o s s . I n s e r t  a 
p l a s t i c  s t o p p e r  w i t h  a - 5 mm h o l e ,  i n  t h e  n e c k  o f  t h e  e v a p o r a t o r . T h i s  
a l l ow s  f r e e  p a s s a g e  o f  v a p o u r  wh i l e  r e s i s t i n g  f r o t h s u r g e s .  
1 0 . 2  I t  m i g h t  b e  n e c e s s a r y  t o  c h a n g e  t h e  r e f e r e n c e  s o l v e n t  i n  t h e  
r e f r a c t om e t e r . S e t  t h e  f l o w  t o  0 . 2  mL / m i nu t e . P l a c e  a f l a s k  u n d e r  
t h e  c e l l  o u t l e t  a n d  o p e n v a l v e  C .  I n c r e a s e  f l o w t o  5 mL / m i nu t e . A l l o w 
2 m i nu t e s  d r a i n i n g . S e t  f l o w  0 . 2  mL / m i nu t e .  C l o s e  v a l v e  C .  S e t  f l ow 
t o  l mL / m i nu t e  a s  b e f o r e . 
1 1  R E F E R E N C E S  
1 1 . 1 M e t h o d  s h e e t  [ 1 2 0 , 2 0 5 ]  FAT S OXT E C . M E T . 
APPENDIX B :  DOMESTIC GERMINATION CONDITIONS 
The lupin seeds were soaked for 24h in tap water. The 
seeds were placed on sprouting t rays, then germinated for 
the required time under ambient conditions. 
rinsed daily in tap water. 
1 6 0  
Sprouts were 
APPENDIX C :  SENSORY EVALUATION CALCULATIONS 
RODGERS RANGE TEST 
Re ject Ho i f  (Mi - Mj ) > /  vi, x MSW x F ( 1  -cx.. ) v Xz=-��-
N 
v = number of groups subtract 1 
MSW = analysis of variance ( error term) 
N = number of respondent s 
F ( 1  - o<.J v + F� , 1 0 0  = 2 . 62 ( lX_= 0.0 5 )  
TRIAL B :  
FLAVOUR PLEASANTNESS 
J 2 X 3 5 . 9  X 2 . 62 X 2/ 1 8  
= 4 . 6  
UNUSUAL FLAVOURS 
j 2 X 3 9 . 4  X 2 . 62 X 2/ 1 8  
= 4. 8 
1 6 1 
APPENDIX D :  PRELIMINARY MILK TRIALS 
Trial 1 : LUPIN MILK 
SAMPLE : 1 .  Gungurru sprout - with hull  
] 
soaked for 
2 . Gungurru sprout - with hul l  1 hour in 
3 .  Gungurru sprout - without hu l l  1 0 0ml 1% 
4 . Gungurru sprout - without hul l  NaHC03 
5 .  Gungurru sprout - with hul l  
] 6 .  Gungurru sprout - with hul l  not 7 . Gungurru sprout - without hu ll  soaked 8 . Gungurru sprout - without hul l  
METHOD : 
1 .  Soak 2 0g of samples 1-4  in  1 0 0ml 1 %  NaHco3 for 1 hour ,  drain . 
2 .  To all  samples add 1 0 0ml of  1 %  NaHC03 . 
3 .  Homogenise . 
4 .  Heat to as0 c for 5 minutes . 
5 .  Measure pH , then adjust with NaOH dilute to  pH 8 . 00 .  
6 .  Centrifuge at SOOrpm 10  C 1 0min s . 
7 . Decant . 
8 .  Measure pH adjust with HCL to pH 7 . 0 0 .  
SENSORY RATING : 
SCALE : 1 = low 10 = high 
SAMPLE 1 2 3 4 5 6 7 8 
Beany 3 1 2 1 1 0 0 3 
Metallic 6 5 6 6 4 7 6 7 
Bitter 1 0 1 3 1 0 0 1 
Floury 0 1 1 1 0 0 1 1 
Watery 6 10  5 6 8 7 7 5 
CONCLUSION : 
All mi lks were a l ight g reen colour which was not pleasant 
to look at . The milks were ve ry watery . They were not peasant to 
drink . They were very meta l l ic , they need to be les s 
meta l l ic/ salty . Most had a good texture and were not floury . 
Milks were not bitter . 
OVERNIGHT : milks became beanier ,  but remained stable ,  good 
emuls ion . 
RECOMMENDATION : Adjust the pH to  pH 8 . 0 0 before heating to 
stabilise  the protein . Compare mi lks made with seeds to milk made 
with the sprout s . 
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Trial 2 :  LUPIN MILK 
SAMPLE : 1 .  UH Spl its  
2 .  Danja  seeds 
3 .  Gungurru seeds 
4 .  Gungurru sprouts 
METHOD : 
] 
Soak 2 0g for 
4 hours in 
100ml 1% NaHC03 
- not soaked 
1 .  Soak samples 1 -4 in 1 0 0ml 1% NaHco3 for 4 hours , then drain . 
2 .  Add 1 0 0ml of 1%  NaHC03 . 
3 .  Homogenise . 
4 .  Measure pH , then adjust with NaOH dilute to pH 8 . 00 .  
5 .  Heat to 90 C for 5 minutes . 
6 .  Centrifuge at l O O O rpm 1 0  C 1 0mins . 
7 . Decant . 
8 .  Measure pH adjust with HCL to pH 7 . 0 0 . 
SENSORY RATING : 
SCALE : 1 = low 10  = high 
SAMPLE 1 2 3 4 
Beany 3 2 2 5 
Metallic  7 5 5 5 
Bitter 1 1 1 1 
Floury 1 1 1 0 
Watery 4 4 4 6 
CONCLUSION :  
The appearance of the UH splits mi lk was very pleasant . 
Dan ja  milk was also a good yellow colour . Both looked very 
creamy . Gungurru was less  pleasant as it was a yellowy-green 
colour and very watery looking . 
The UH splits  were very salty - too metallic . The other 
samples were also salty but not as  great as  the UH splits . 
The samples were s lightly  beany . The milk made with sprouts 
had the greatest beany-gras s y  smel l .  
OVERNIGHT : The rriilk  made from sprouts was very beany . The other 
milks had no smell . Milk remained stable - good emu l s ion . Sprouts 
looked very watery and an unpleasant green colour . 
1 63 
Trial 3 :  LUPIN MILK 
SAMPLE : 
METHOD : 
1. UH Splits 
J 
2. Kiev mutant seeds 
3. Gungurru seeds 
Soak 20g for 
4 hours in 
100ml 1% NaHC03 
1. Soak samples 1-3 in 100ml 1% NaHco3 for 4 hours, then drain. 
2. Add 100ml of 1% NaHC03. 
3 .  Homogenise. 
4. Measure pH, then adjust with NaOH dilute to pH 8. 00. 
5 .  Heat to 90 C for 5 minutes. 
6. Centrifuge at l O O O rpm 10 C 10mins. 
7. Decant. 
8. Measure pH adjust with HCL to pH 7.00 . 
SENSORY RATING : 
SCALE : 1 = low 10 = high 
SAMPLE 1 2 3 
Beany 4 3 3 
Metallic 2 2 2 
Bitter 2 2 2 
Floury 1 1 1 
Watery 4 4 4 
CONCLUS ION : 
All samples were a pleasant yellow colour. Kiev mutant milk 
was the deepest shade of yellow. All looked creamy - would make a 
good base. UH splits milk had a very beany smell. Kiev mutant 
milk had the least smell. Gungurru had a slightly beany smell. 
OVERNI GHT : UH splits had quite a beany smell, but keiv mutant and 
gungurru had only a slight beany smell. All had a good emulsion. 
AFTER 4 DAYS : UH splits and gungurru milks went off. The kiev 
mutant was very :beany. All milks had sett led slight ly. 
RECOMMENDATION : Compare sprouts germinated in the malting machine 
to sprouts germinated in a plastic sprouter. 
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Trial 4: LUPIN MILK 
SAMPLE : 1 .  Kiev mutant J 
Soak 2 0g for 
2 . Gungurru seeds 24 hours in 
3 .  UH splits tap water at home 
4 .  Kiev mutant seeds 
] 
Soak 2 0g for 24 hours , 
5. Gungurru seeds sprout 1 day at home 
6 .  UH spl its - soaked for 2 hour in tap water 
7 .  Gungurru sprouts - 1 day (malting machine ) ] Frozen 
8 .  Gungurru sprouts - 1 day (malting machine ) 3 weeks 
METHOD : 
1 .  Drain all samples . 
2 .  Add 100ml of 1 %  NaHC03 . 
3 .  Homogenise . 
4 .  Measure pH , then adjust  with NaOH dilute to pH 8 . 0 0 .  
5 .  Heat to 90 C for 5 minutes . 
6 .  Centrifuge at lOOOrpm 10  C 1 0mins . 
7 .  Decant . 
8 .  Measure pH adjust with HCL to pH 7 . 00 . 
SENSORY RATING: 
SCALE : 1 = low 10 = high 
SAMPLE 1 2 3 4 5 6 7 8 
Beany 3 2 1 1 2 2 2 2 
Metallic  3 2 1 2 2 1 2 2 
Bitter 0 0 0 0 2 2 2 2 
Floury 0 0 0 0 2 2 2 2 
Watery 2 2 1 1 2 2 2 2 
CONCLUS ION : 
All milks were a a pleasant yellow colour,  they looked very 
creamy . The sprouts ( 7 / 8 )  were a s light ly l ighter yellow . 
Sample 5 - one day old gungurru sprout was peasant to drink it 
tasted the best , and was sweet . Sample  4 ,  Kiev mutant one day old 
sprouts ,  were also pleasant to taste . Al l had a good texture and 
were not floury . Milks were not bitter . 
OVERNIGHT : al l remained stable - good emuls ion . Sample  4 ,  6 and 7 
had a beany smell . Sample 5 ,  one day old gungurru sprout , had no 
beany smell . 
RECOMMENDATION : Compare milks made with one day old sprouts to 
two day old sprout s .  Compare fresh and fro zen sprouts . Compare 
sprout germinated in the malt ing machine to sprout germinated in 
a plastic sprout ing dish . 
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SAMPLE : 
Trial 5: LUPIN MILK 
1 .  Gungurru fresh two days old sprouts ( home ) 
2 .  Gungurru fresh two days old sprouts ( home ) - 30g  
3 .  Gungurru fresh two day old  sprout s (malting machine ) 
4 .  Gungurru fresh two day old sprouts (malting machine ) 
5 .  Gungurru frozen* one day old sprouts (malting roach ) 
6 .  UH splits - soaked for 2 hour  in tap water 
* Sprouts had been frozen for 3 weeks . 
METHOD : as for trial 4 
SENSORY RATING : 
SCALE : 1 = low 10 = high 
SAMPLE 1 2 3 4 5 6 
Beany 0 2 0 0 3 1 3 1 0 0 4 * 
Metallic 4 4 1 3 1 1 1 1 3 1 5 * 
Bitter 1 0 0 0 0 0 0 0 0 0 0 * 
Floury 1 1 0 0 0 0 0 0 1 2 0 * 
Watery 1 5 1 4 1 3 1 4 2 2 0 * 
Second set of  ratings were taken when the milk was a day old . 
* not drinkable , had gone off . 
CONCLUSION: 
Appearance : The fre sh two day sprouts ( 1  & 2 )  were a pale 
yellow colour . The frozen day two day sprouts ( 5 )  were also a 
pale yellow with a s l ight green tint . The fresh two day sprouts ,  
( 3  & 4 )  germinated in the malt ing machine , were a deeper yellow 
colour . The UH splits ( 6 )  milk was a very creamy yellow colou r .  
Smell : Fresh day two sprouts germinated at home ( 1  & 2 )  were 
quite beany . Fresh day two sprouts germinated in the malting 
machine ( 3  & 4 )  were s light ly beany . The frozen , two day old 
sprout ( 5 )  was not beany . The Uh spl its milk ( 6 )  had a metallic  
smell . 
Best / most pleasant : The fresh two day old sprouts 
germinated at home ( 2 )  and the frozen two day old sprouts 
germinated in the malting machine ( 5 )  were the most pleasant to 
taste . The frozen sprouts had only been frozen for 3 weeks . They 
produced a better milk than milks made in previous trails  with 
frozen sprouts . This  may be because they had only been frozen a 
short period of :time , while other sprouts used previous ly had 
been frozen for 3 months . The fresh two day o ld sprouts 
germinated at home ( 2 )  was very sweet . 
The fresh two day old sprouts germinated at home ( 1 )  and the 
UH spl its mi lks ( 6 )  were very metallic ,  however when their  pH was 
remeasured it had risen from 7 to a pH of  7 . 3 .  
OVERNI GHT: 
Emu ls ion : all  had a good emu l s ion and stabi lity . 
Smel l :  1 - beany, 2 s l ight ly beany , 3 ,  4 ,  5, 6 - not beany 
RECOMMENDAT ION : On the same day ,  compare sprouts that are a day 
and 2 days old germinated at home and in the malt ing machine . 
1 6 6  
Trial 6: LUPIN MILK 
SAMPLE: 1. Gungurru sprouts, one day sprout (home) 
2. Gungurru sprouts, two days sprout (home) -no hull  
3. Kiev mutant sprouts, one day sprout (home) 
4. Kiev mutant sprouts, two day sprout (home) - no hull  
5 .  Frozen ( 3 days) 2 days sprouts - kilned 
6 .  UH splits soaked for 2 hours 
METHOD: 
1. To 20g lupins add 100ml of 1% NaHco3 • 
2. Homogenise. 
3 .  Measure pH, then adjust with NaOH dilute to pH 8. 00. 
4. Heat to 90 C for 5 minutes. 
5 .  Centrifuge at 2000rpm 10 C 10mins. 
6. Decant. 
7. Measure pH adjust with HCL to pH 7. 00. 
SENSORY RATING : assessed by a semi-trained panel 
SCALE: 1 = low 10 = high 
SAMPLE 1 2 3 4 5 6 
Beany 8 7 7 8 8 8 
Metallic 3 5 3 4 2 4 
Bitter 2 3 2 2 2 2 
Watery 8 6 4 6 7 4 
Flavour 4 3 3 1 2 2 
Sweet 2 2 1 1 1 2 
Overall 3 3 3 1 1 1 
CONCLUSION: 
Appearance: Samples 2, 3 & 4 were a pleasant yellow colour. 
Sample 1 & 6 was less pleasant and sample 5 was had an unpleasant 
appearance. 
Best / most pleasant: The most pleasant samples were 3 and 4 .  
Sample 2 was also acceptable. 
RECOMMENDATION: 
Make a milk using sprouts that have been kilned (malted). 
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Trial 7 : LUPIN MILK 
SAMPLE: 1. Frozen (3mths) sprouts - kilned 
2. Frozen (3mths) sprouts - kilned 
3. Frozen (3mths) sprouts 
4. Frozen (lmth) sprouts - day one 
5. Frozen (lmth) sprouts -two days 
6. Frozen (3 days) sprouts - kilned 
METHOD: 
* Increased quantity to 40g sprouts and 200ml 1% NaHC03 
1. To 40g lupins add 100ml of 1% NaHco3. 
2. Homogenise. 
3. Measure pH, then adjust with NaOH dilute to pH 8. 00. 
4. Heat to 90 C for 5 minutes. 
5. Centrifuge at lOOOrpm 10 C 10mins. 
6. Decant. 
7. Measure pH adjust with HCL to pH 7. 00. 
SENSORY RATING: 
SCALE: 1 = low 10 high 
SAMPLE 1 2 3 4 5 6 
Beany 4 3 3 1 0 0 2 1 1 0 1 1 
Metallic 0 4 0 3 2 0 1 2 0 4 0 0 
Bitter 0 0 0 0 0 0 0 0 0 0 0 0 
Floury 0 0 0 0 0 0 0 0 0 0 0 0 
Watery 2 2 2 2 2 3 3 3 1 3 1 1 
CONCLUSION: 
Appearance: 
Samples 1 and 2 were a very dark, unpleasant green. 
Samples 3 and 5 were also a dark olive green. Sample 4 and 6 were 
a pleasant yellow colour. 
Smell: 
Samples 1 and 2 had a strong beany smell. All of the other 
samples had pleasant beany smells. 
Best / most pleasant: Sample number 6, day 2 sprouts that 
had been kilned made the most pleasant tasting milk. ' 
The samples were general quite metallic, they tasted like 
chemicals - artificial. 
OVERNIGHT: 
Emulsion: all had good emulsion, stable 
Smell: very slight beany smells. 
Colour: all samples had become darker. 
RECOMMENDATION: 
Alter method to help remove metallic taste, at step 3, 
adjust the pH to 7 . 5. Eliminate step 7 - final adjustment of the 
pH. Make a soup from the sprouts. 
168 
SAMPLE: 1 .  
2 . 
3. 
4 . 
5. 
6. 
METHOD : 
Frozen 
Frozen 
Frozen 
Frozen 
Frozen 
Frozen 
Trial 8 : LUPIN MILK 
(3mths) sprouts - kilned 
(3mths) sprouts - kilned 
( 3mths) sprouts 
(lmth) sprouts - day one 
(lmth) sprouts -two days 
(3 days) sprouts - kilned 
1. To 40g lupins add 100ml of 1% NaHco3. 
2. Homogenise. 
3. Measure pH, then adjust with NaOH dilute to pH 7.50 
4. Heat to 90 C for 5 minutes. 
5. Centrifuge at lOOOrpm 10 C 10mins. 
6. Decant. 
SENSORY RATING : 
SCALE : 1 = low 10 = high 
SAMPLE 1 2 3 4 5 6 
Beany 1 0 1 0 1 0 1 2 0 2 1 1 
Metallic 1 1 2 3 1 0 1 2 1 2 1 1 
Bitter 0 0 0 0 0 0 0 0 0 0 0 0 
Floury 0 0 0 0 0 0 0 0 0 0 0 0 
Watery 4 1 1 3 5 5 3 4 4 4 4 2 
CONCLUSION : 
Appearance : Samples 2, 3 & 6 were a pleasant yellow colour. Sample 
1 was a darker yellow. Samples 4 and 5 were an unpleasant green 
colour. 
Smell : Sample 1 & 6 had a beany smell. Samples 2, 3, 4 and 5 all 
had pleasant beany smells. 
Best / most pleasant : The most pleasant samples were 1 and 6 .  
Sample 5 was also acceptable. Sample 1, 5 and 6 were all sweet, 
the other sampl�s were not as sweet. Sample 3 was very bland and 
unpleasant to taste, thus this suggests that sprouts that have 
been frozen for 3 months are not suitable for making a milk. 
Samples were less metallic than previous experiments, as pH was 
only adjusted to pH 7. 5 not pH 8. 00 in step 3. 
RECOMMENDATION : 
That continue with this method were pH is adjusted to Ph 7.5 in 
step 3. Examine effects of freezing conditions (length and 
exposure to light) on milks, especially colour and taste. 
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Trial 9 :  LUPIN SOUP 
INGREDIENTS : 
SOUP 
60g 
100g 
80g 
60g 
750ml 
ONE 
lupin day two sprouts 
chopped carrot 
diced onion 
chopped celery 
stock 
METHOD : 
SOUP TWO 
60g kilned lupin sprouts 
100g chopped carrot 
80g diced onion 
60g chopped celery 
750ml stock 
1. Place sprouts, vegetables and stock in a pressure cooker and 
cook for 25 minutes. 
2. When soup is cooked, puree until smooth. 
SENSORY RATINGS : scale 1 - 50 
SOUP 1 2 
Flavour pleasantness 33 21 
Sweetness 10 11 
Chemical taste 6 15 
Beaniness 21 20 
Mouth texture 34 34 
Overall Acceptability 29 20 
CONCLUSION: 
Both soups were found to be more acceptable than the lupin 
milks. The kilned sprout soup was not as pleasant as the day two 
sprout soup. 
RECOMMENDATION : 
Further experiments need to be conducted on the use of lupin as 
an ingredient i� soups. 
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Trial 10 :  LUPIN MILK 
SAMPLE: 1. Gungurru seeds, soaked for 24h in water. 
2. Gungurru sprouts, one day sprout (home) 
3. Gungurru sprouts, two days sprout (home) 
4. Kiev mutant seeds, soaked for 24h in water. 
5. Kiev mutant sprouts, one day sprout (home 
6. Kiev mutant sprouts, two day sprout (home) 
METHOD: 
1. To 40g lupins add 100ml of 1 %  NaHco3. 
2. Homogenise. 
3. Measure pH, then adjust with NaOH dilute to pH 7. 50. 
4. Heat to 90 C for 5 minutes. 
5. Centrifuge at 2000rpm 10 C 10mins. 
6. Decant. 
SENSORY RATING: revised table. 
SCALE: 1 = low 10 = high 
SAMPLE 1 2 3 4 5 6 
Beany 1 0 3 
Metallic 4 3 2 
Flour 0 0 0 
Watery 4 3 4 
Flavour 1 1 2 
Sweet 0 0 0 
Overall 1 1 3 
CONCLUSION: 
Appearance: All samples were a pleasant yellow colour. 
Sample 4, 5 and 6 could not be tasted as the kiev mutant seeds 
went off. Sample one could not be completed due to equipment 
failure. 
The samples al l had nutty, grassy tastes, like chlorophyll. After 
taste from milk� was unpleasant. 
No samples were acceptable to drink. 
RECOMMENDATION: 
Lupin soup would be a better product to develop. 
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Trial 11 : LUPIN MILK 
SAMPLE : 1. Gungurru seeds, soaked for 24h in water. 
2. Gungurru sprouts, one day sprout (home) 
3. Gungurru sprouts, two days sprout (home) 
4. Kiev mutant seeds, soaked for 24h in water. 
5. Kiev mutant sprouts, one day sprout (home 
6. Kiev mutant sprout s, two day sprout (home) 
l No Hull 
METHOD : 
1.  To 40g lupins add 100ml of 1% NaHco3. 
2. Homogenise. 
3.  Measure pH, then adjust with NaOH dilute to pH 7. 50. 
4. Heat to 90 C for 5 minutes. 
5. Centrifuge at 2000rpm 10 C 10mins. 
6. Decant. 
SENSORY RATING : revised table. 
SCALE : 1 = low 10 = high 
SAMPLE 1 2 3 4 5 6 
Beany 2 1 0 1 2 
Metallic 2 3 3 1 2 
Flour 0 1 0 0 0 
Watery 2 3 3 3 4 
Flavour 4 2 1 1 1 
Sweet 0 0 0 0 0 
Overall 3 2 1 2 2 
CONCLUSION : 
Appearance : All samples were a pleasant yellow colour. 
Sample 4, 5 and 6 could not be tasted as the kiev mutant seeds 
went off. 
The sample all had nutty, gras sy tastes, like chlorophyll. After 
taste from milks was unpleasant. 
No sample were acceptable to drink. 
RECOMMENDATION :  
Lupin soup would be a better product to develop. 
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SUMMARY OF MILK TRIALS 
A series of experiments were conducted into the use of 
Lupinus angustifolius ( cv .  Gungurru ) sprouts to produce a lupin 
milk . 
From the experiments it was conc luded that : 
- milks made from both the lupin sprouts and seeds had a pleasant 
yellow colour,  however milks made from sprouts that had been 
frozen for 3 months were an unpleasant green colour . 
- mi lks made from the lupin sprouts were sweeter and more 
pleasant to taste than milks made from lupin seeds . 
- lupin sprouts frozen for 3 months produced an unpleasant , 
watery milk,  however sprout s kilned then frozen for 3 months , 
were sweet and quite pleasant to drink - but the milk was a 
dark green colour . 
- milks made from kilned lupin sprouts were a sweeter,  more 
pleasant flavour than milks made from sprouts that had not been 
kilned . 
- milks made from two day lupin sprouts were a sweeter,  more 
pleasant taste than one day sprouts . 
- difficult to achieve the same resu lt s ,  even when experiment 
control led . Results are not con s istent . 
- soup i s  a better product in terms of taste than milk . 
CONCLUSIONS OF LUPIN MILK TRIALS 
Analys is  of prel iminary lupin milk trials indicates that 
lupin milk is not a viable product a s  it is unpleasant to drink . 
Although some lupin milks were more pleasant to drink than 
others , con s i stent results were di fficu lt to obtain even under 
controlled laboratory condit ions . Milks containing the same types 
and quantit ies of ingredients ,  and made us ing the same method , 
tasted very different from each other . 
Two types of lupin soups were made during the milk trials . A 
trained sensory tasting panel perceived the lupin soups to be a 
more acceptable product than the lupin milks . It  was concluded 
from the sensory evaluat ion that the lupin soup would be a better 
direct ion to concentrate than the lupin milks as  the taste 
characteristics  of lupin , s uch a s  beanines s  and nuttines s ,  are 
acceptable in a soup but not in a milk . Other ingredients added 
to soups would also help to complement the flavour  of lupin . 
It was decided that further research into the use  of lupin 
sprouts as a food ingredient in soup was j ustified . 
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APPENDIX E :  PRELIMINARY SOUP TRIALS 
BASIC 
100g 
80g 
60g 
750ml 
INGREDIENTS : 
chopped carrot 
diced onion 
chopped celery 
chicken stock 
VARIATIONS: 
1. 120g gungurru seeds 
2. 120g chick peas 
3. 120g lentils 
TRIAL 1: LUPIN SOUP 
]
Soak for 24 hours 
then drain and rinse 
4. 120g frozen day two lupin sprouts 
METHOD : 
1. Place all ingredients into a pressure cooker and cook for 25 
minutes. 
2. When cooked, puree until smooth. 
SOUPS N=4 SEEDS CHICK LENTIL DAY 2 
Appearance 26 30 12 32 
Flavour Pleasantness 26 4 36  21 
Sweetness 8 12 15 9 
Saltiness 13 6 13 7 
Beaniness 15 12 18 29 
Mouth texture 23 24 28 15 
Overall acceptability 20 7 31 20 
CONCLUSION : The lentil soup was found to be much more acceptable 
than the other soups regardless of its unpleasant appearance. The 
chick pea soup was found to be the most unacceptable. Both of the 
lupin soups were rated more acceptable than the chickpea but not 
as acceptable as the lentil soup. 
RECOMMENDATION : Use a better control to test lupins against, 
chickpea and lentil were very different from lupin. Suggest using 
split pea soup a� a control. 
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TRIAL 2: 
BASIC 
1 00g 
80g 
60g 
7 5 0ml 
INGREDIENTS: 
chopped carrot 
diced onion 
chopped celery 
chicken stock 
VARIAT IONS : 
1 .  1 2 0g gungurru seeds ] Soak for 2 4  hours 
2 .  1 2 0g green spl it peas then drain and rinse 
3 .  1 2 0g frozen day two lupin sprout s 
METHOD : 
1 .  P lace all  ingredients into a pres sure cooker and cook for 2 5  
minutes . 
2 .  When cooked ,  puree unt il smooth . 
SOUPS N=1 9 SEEDS PEA DAY 2 
Appearance 2 5  3 6  2 2  
Flavour P leasantnes s  2 7  3 0  2 0  
Sweetness 2 0  2 2  1 9  
Saltiness  2 2  2 0  1 7  
Beanines s 2 6  2 8  2 2  
Mouth texture 1 4  3 8  1 2  
Overall  acceptability 2 5  3 5  1 8  
CONCLUS ION : Regardles s o f  the green colour o f  the pea soup it i s  
rated a s  having a more pleasant appearance . The soup was also  
rated higher for flavour pleasantness  and overa l l  acceptability . 
The lupin soup made from the seeds was rated higher overall  than 
the sprouts . The texture of both lupin soup was rated poorly and 
may have effected overall acceptability . 
RECOMMENDATION : Improve the texture of the lupin soups - cook 
soups for longer or dehull  the lupins 
1 7 5  
TRAIL 2A : lengthen cooking time 
Variations : use 60g of  lupins and cook for 4 0  minutes . 
Result : lupins were softer ,  but not enough l iqu id .  
Recommendation : increase l iquid content t o  l L  and cook for 4 0mins 
TRAIL 2B : increase liquid and cooking time 
Variation : 
Result : 
use 60g of sprouts and 1 l itre of water and 
cook for 4 0  minutes . 
lupins were softer and enough liquid to make 
a soup . 
Recommendation : use the method for cooking sprouts with the hul l . 
1 7 6  
TRAIL 3: 22/3/91 
BASIC 
100g  
8 0g 
6 0g 
lL  
INGREDIENTS: 
chopped carrot 
diced onion 
chopped celery 
chicken stock 
VARIATIONS: 
1 .  60g Day 2 
2 .  60g  Day 3 
3 .  60g Day 6 
4 .  60g Day 6 
METHOD: 
sprouts 
sprouts 
sprouts 
sprouts 
with hul l  
J with hul l  cooked for 4 0  
with hul l  
without hul l  - cooked for 
mins 
30 minutes 
1 .  P lace all  ingredients into a pres sure cooker and cook for at 
least 3 0  minutes . 
2 .  When cooked, puree until  smooth . 
SOUP S Day 2 Day 2 Day 3 Day 6 
N=7 no hu l l  hul l  hul l  hull  
Appearance 2 5  3 6  3 8  3 3  
Flavour  P leasantnes s  2 9  2 0  3 0  2 4  
Sweetness  18  1 6  9 1 3  
Salt ines s  6 2 7  1 8  9 
Beaniness  1 3  1 8  18  2 2  
Mouth texture 2 7  1 7  2 7  1 3  
Overall acceptabil ity 2 5  1 8  24 2 7  
CONCLUS ION : The flavour pleasantness and overa l l  acceptabil ity 
was very s imilar for the Day 2 no hu l l  soup , the day 3 with hul l  
soup and the day 6 with hull  soup . The day 2 soup with the hul l  
was not rated a s  high,  thi s may be related to its gra iny texture , 
which was rated low . The day 6 with hu l l  sprout also had a low 
rated texture because  of its grainines s ,  however it was sti l l  
rated quite high overa l l . Thi s suggests the older day 6 sprout i s  
preferred t o  the day 2 sprout . 
RECOMMENDATION: 
Try to improve the texture , strain the s oup through a metal 
strainer . 
1 7 7  
TRAIL 3a: 
BASIC 
100g 
80g 
60g 
lL  
INGREDIENTS: 
chopped carrot 
diced onion 
chopped celery 
chicken stock 
VARIATIONS : 
1 .  60g Day 2 sprouts with hul l  
2 .  60g Day 2 sprouts with hul l  - strained 
] cook
ed for 4 0  mins 
3 .  60g Day 2 sprouts without hul l  - cooked for 3 0  minutes 
METHOD : 
1 .  P lace all  ingredients into a pres sure cooker and cook for at 
least 3 0  minutes . 
2 .  When cooked, puree until  smooth . 
SOUPS Day 2 Day 2 Day 2 
N=l O  n o  hu l l  hul l  strain 
Appearance 2 2  2 4  34  
Flavour Pleasantness  20  22  20  
Sweetness  2 1  2 6  2 0  
Saltines s 19 2 6  3 1  
Beaniness  2 1  2 7  24 
Mouth texture 2 5  18 3 6  
Overall  acceptability 1 6  2 2  2 3  
CONCLUSION : The texture o f  the day 2 s oup that was strained was 
much higher rated than the other soups . Though it rated overa l l  
similar t o  day 2 with hul l ,  even though it had a grainy texture .  
Day 2 with hul l  les s overa l l  acceptable ,  suggest ing hul l  adds 
flavour .  
RECOMMENDAT ION :  •Leave hul l  in soup when cooking and strain after 
cooked . 
1 7 8  
TRAIL 3b : 
BASIC 
100g 
80g 
60g 
lL 
INGREDIENTS : 
chopped carrot 
diced onion 
chopped celery 
chicken stock 
VARIATIONS : 
1 .  60g Day 3 sprouts with hull 
2 .  60g Day 6 sprouts with hull 
3. 60g Day 6 sprouts with hull - strained 
METHOD: 
1. Place all ingredients into a pressure cooker and cook for 40 
minutes. 
2. When cooked, puree unt il smooth. 
SOUPS Day 3 Day 6 Day 6 
N=lO hull hull strain 
Appearance 25 31 31 
Flavour Pleasantness 26 22 25 
Sweetness 25 17 24 
Salt iness 21 22 23 
Beaniness 34 24 25 
Mouth texture 14 26 38 
Overall acceptability 25 24 24 
CONCLUSION : All rated very similar. Day 6 strained had the 
smoothest texture, day 3 was next then day 6 not strained. 
RECOMMENMENDATION : 
Try different ages with the hull to see if the older sprout has a 
less grainy texture. 
179 
TRAIL 4 :  
BASIC 
100g 
80g 
60g 
lL  
INGREDIENTS: 
chopped carrot 
diced onion 
chopped celery 
chicken stock 
VARIATIONS : 
1 .  60g Day 1 sprouts with hull  
2 .  60g  Day 4 sprouts with hull  
3 .  60g  Day 6 sprouts with hull  
METHOD : 
1 . P lace all  ingredients into a pressure cooker and cook for 4 0  
minutes . 
2 .  When cooked, puree until  smooth . 
SOUPS Day 1 Day 4 Day 6 
N=l2 hul l  hull  hul l  
Appearance 3 4  2 7  27 
Flavour P leasantness  27  20 1 9  
Sweetnes s  2 3  20 1 9  
Saltiness 2 7  18 24 
Beanines s 2 1  28 28 
Unusual Flavours 2 1  22 25 
Mouth texture 30  22  23 
Overall  acceptabi lity 3 1  21 24 
CONCLUSION: 
The day 1 sprout seems to be preferred over the day 4 and 6 
sprout for flavour pleasantne s s , texture and overall 
acceptability . 
RECOMMENDATION: 
Cont inue to compare di fferent ages of sprouts . Day 4 and 6 need 
to be compared again to seen if  there is  a difference and whether 
texture also makes a di fference to which age sprout is  preferred . 
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TRAIL 5: 
BASIC 
100g 
80g 
60g 
lL 
INGREDIENTS: 
chopped carrot 
diced onion 
chopped celery 
chicken stock 
VARIATIONS :  
1. 60g Day 4 sprouts with hul l  
2. 60g Day 6 sprouts with hul l  
3. 60g Day 6 sprouts with hul l  - strained 
METHOD : 
1. Place al l ingredients into a pressure cooker and cook for 40 
minutes. 
2. When cooked, puree until smooth. 
SOUPS Day 4 Day 6 Day 6 
N=9 hul l hul l  strain 
Appearance 28 29 35 
Flavour Pleasantness 23 29 32 
Sweetness 22 20 22 
Saltiness 22 24 25 
Beaniness 28 21 28 
Unusual Flavours 29 26 22 
Mouth texture 26 26 33 
Texture 21 26 22 
Overal l  acceptability 21 26 28 
CONCLUSION: 
Day 6 sprout was preferred over day 4 sprout soup. The day 6 
strained soup was slight ly higher rated than the unstrained 
day 6 
sprout. 
RECOMMENDATION : 
Continue to try ' and find which age sprout is most preferred. 
1 8 1  
APPENDIX F :  FOOD PRODUCT DEVELOPMENT CALCULATIONS 
TRIAL A 
TEXTURE 
/ 2 X 18. 2 X 2. 62 X 2/16 
= 3. 45 
TRAIL B 
APPEARANCE 
j 2 X 50. 4 X 2. 62 X 2/ 21 
= 5. 01 
BEANINESS 
/ 2 X 80. 2 X 2. 62 X 2/21 
= 6. 3 
TEXTURE 
j 2 X 24. 6 X 2. 62 X 2/21 
= 3. 5 
OVERALL ACCEPTABILITY 
/'"2 X 72. 1 X 2. 62 X 2/21 
= 5. 998 
TRIAL C 
BEANINESS 
�2 X 58. l X 2. 62 X 2/19 
= 5. 66 
TEXTURE 
j 2 X 36. 3 X 2. 62 X 2/19 
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TRIAL D 
APPEARANCE 
/2 X 50. 8 X 2. 62 X 2/20 
= 5.15 
BEANINESS 
�2 X 63. 1 X 2.62 X 2/ 20 
= 5. 75 
MOUTH TEXTURE 
/ 2 X 55 X 2. 62 X 2/20 
= 5.3 
TEXTURE 
/ 2 X 21. 3 X 2. 62 X 2/20 
= 3. 06 
TRIAL E 
APPEARANCE 
..;-2 X 56. 7 X 2. 62 X 2/18 
= 5. 7 
FLAVOUR PLEASANTNESS 
/ 2  X 57 X 2. 62 X 2/18 
= 5. 9 
SALTINESS 
/2 X 88 X 2. 62 X 2/18 
= 7. 1 
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MOUTH TEXTURE 
j 2 X 52.7 X 2. 62 X 2/18 
= 5. 34 
OVERALL ACCEPTABILITY 
/ 2 X 72 X 2. 62 X 2/18 
= 6.47 
TRIAL F 
APPEARANCE 
J 2 X 72.9 X 2.62 X 2/16 
= 6.9 
FLAVOUR PLEASANTNESS 
j 2 X 81. 2 X 2. 62 X 2/16 
= 7.29 
BEANINESS 
I 2 X 93. 4 X 2.62 X 2/16 
= 3.8 
TEXTURE 
� 2 X 35.3 X 2.62 X 2/16 
= 4. 8 
OVERALL ACCEPTABILITY 
� 2 X 53. 7 X 2. 62 X 2/16 
= 5. 93 
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TRIAL G 
FLAVOUR PLEASANTNESS 
/ 2 X 70.5 X 2. 62 X 2/16 
= 6. 7 
BEANINESS 
/ 2 X 78. 9 X 2. 62 X 2/16 
= 5. 0 
UNUSUAL FLAVOURS 
j 2 X 67. 4 X 2. 62 X 2/16 
= 6. 6 
OVERALL ACCEPTABILITY 
J 2  X 81. 2 X 2. 62 X 2/16 
= 7. 3 
TRIAL H 
APPEARANCE 
j 2 X 50. 3 X 2. 62 X 2/ 24 
= 4. 68 
UNUSUAL FLAVOURS 
./ 2  X 108 X 2. 62 X 2/25 
= 6.73 
MOUTH TEXTURE 
f 2 X 4 7 X 2. 62 X 2/ 25 
= 4.4 
TEXTURE 
/ 2 X 29. 8 X 2. 62 X 2/25 
= 3. 5 
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OVERALL ACCEPTABILITY 
�2 X 56. 6 X 2. 62 X 2/25 
= 4. 4. 8 
TRIAL I 
APPEARANCE 
/2 X 58. 7 X 2. 62 X 2/20 
= 5. 5 
BEANINESS 
../""2 X 57. 9 X 2. 62 X 2/20 
= 5. 5 
MOUTH TEXTURE 
/ 2 X 40. 856. 6 X 2. 62 X 2/20 
= 4 . 8  
OVERALL ACCEPTABILITY 
j 2 X 62. 8 X 2. 62 X 2/20 
= 5. 7 
TRIAL J 
TEXTURE 
�l X 49. 2 X 2. 62 X 1/15 
= 2. 93 
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APPENDIX G :  MIDLAND GATE GRAIN EXPO DISPLAY 
,,,/ 
Plate � - Grain Expo display 
Plate .1...... Lupin soup tast ing and surveying 
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